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FOREWORD *Describe how water quality is changing over

time.

The mission of the U.S. Geological Survey eImprove understanding of the primary natural
(USGS) is to assess the quantity and quality of the and human factors that affect water-quality
earth resources of the Nation and to provide infor-  conditions.
mation that will assist resource managers and poliThis information will help support the develop-
cymakers at Federal, State, and local levels in ment and evaluation of management, regulatory,
making sound decisions. Assessment of water-  and monitoring decisions by other Federal, State,
quality conditions and trends is an important part and local agencies to protect, use, and enhance
of this overall mission. water resources.

One of the greatest challenges faced by The goals of the NAWQA Program are being
water resources scientists is acquiring reliable  gchieved through ongoing and proposed investiga-
information that will gUide the use and prOteCtion tions of 60 of the Nation’s most important river
of the Nation’s water resources. That challenge is hasins and aquifer systems, which are referred to as
being addressed by Federal, State, interstate, andstydy units. These study units are distributed
local water resource agencies and by many aca- throughout the Nation and cover a diversity of
demic institutions. These organizations are ConeCthydrogeoIogic settings. More than two-thirds of
ing water-quality data for a host of purposes that the Nation’s freshwater use occurs within the 60
include: compliance with permits and water supply stydy units and more than two-thirds of the people
standards; development of remediation plans for aggryed by public water supply systems live within
specific contamination problem; operational deci- their boundaries.
sions on industrial, wastewater, or water supply National synthesis of data analysis, based on
facilities; and research on factors that affect water aggregation of comparable information obtained
quality. An additional need for water-quality infor- from the study units, is a major component of the
mation is to provide a basis on which regional andprogram. This effort focuses on selected water-
national level policy decisions can be based. Wiseqyality topics using nationally consistent informa-
decisions must be based on sound information. Agjon. Comparative studies will explain differences
a society we need to know whether certain types ofang similarities in observed water-quality condi-
water-quality problems are isolated or ubiquitous, tions among study areas and will identify changes
whether there are significant differences in condi- gnd trends and their causes. The first topics
tions among regions, whether the conditions are addressed by the national synthesis are pesticides,
changing over time, and why these conditions  pytrients, volatile organic compounds, and aquatic
change from place to place and over time. The  pjology. Discussions on these and other water-
information can be used to help determine the effigyality topics will be published in periodic summa-
cacy of existing water-quality policies and to help ries of the quality of the Nation’s ground and sur-
analysts determine the need for and likely conse- face water as the information becomes available.
quences of new policies. This report is an element of the comprehen-

To address these needs, the Congress apprgjye body of information developed as part of the
priated funds in 1986 for the USGS to begin a pilot NAWQA Program. The program depends heavily
program in seven project areas to develop and o the advice, cooperation, and information from
refine the National Water-Quality Assessment  many Federal, State, interstate, Tribal, and local
(NAWQA) Program. In 1991, the USGS began full agencies and the public. The assistance and sug-

implementation of the program. The NAWQA Pro- gestions of all are greatly appreciated.
gram builds upon an existing base of water-quality

studies of the USGS, as well as those of other Fed- F
eral, State, and local agencies. The objectives of ﬂ ﬁ 2 1— ﬂL ;W
the NAWQA Program are to:

«Describe current water-quality conditions for a

large part of the Nation’s freshwater streams, Robert M. Hirsch
rivers, and aquifers. Chief Hydrologist
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CONVERSION FACTORS

[SI = International System of units, a modernized metric system of measurement]

Factors for converting SI metric units to inch/pound units

Multiply By To obtain
Length
micrometer im) 0.00003937 inch (in)
millimeter (mm) .03937 inch
meter (m) 3.281 foot (ft)
kilometer (km) .6214 mile (mi)
Area
square kilometers (kf .386 square miles ()i
Volume
milliliter (mL) .001057 quart (gt)
liter (L) 1.057 quart
liter .2642 gallon (gal)
Mass
nanogramifg) .00000000003527 ounce (oz avoirdupois)
microgram [1g) .00000003527 ounce
milligram (mg) .00003527 ounce
gram (9g) .03527 ounce
kilogram (kg) 2.205 pound (Ib)
Temperature
degrees CelsiusC) @ degrees FahrenheftH)
Discharge
cubic meters per second {fs) 35.31 cubic feet per seconc?/{$)
Concentration, In Water
nanograms per liten@/L) 1 parts per trillion (ppt)
micrograms per liteng/L) 1 parts per billion (ppb)
milligrams per liter (mg/L) 1 parts per million (ppm)
Concentration, In Sediment
micrograms per granug/q) 1 ppm
micrograms per kilogranu@/kg) 1 ppt
Load
kilograms per day (kg/d) 2.205 pounds per day (Ib/d)
kilograms per day .001102 tons per day (t/d)

TemperaturéF = 1.8 (TemperaturC) + 32



SYMBOLS AND ABBREVIATIONS USED IN THIS REPORT

2,4-D
CAFO
col/100 mL
DDD
DDE
DDT
DID

DO

E. coli
EPA
EPT
EPTC
ft/mi

KOC
Ib/day
MCL
mL/g
NAS-NAE
NASQAN
NAWQA
NCBP
NPAI
NSCRF
PAHs
PCBs
pCi/L
QMH
RM

SRP
USGS
wyY

(2,4-dichlorophenoxy) acetic acid
confined animal feeding operations
colonies per 100 milliliters of water
dichlorodiphenyldichloroethane
dichlorodiphenyldichloroethylene
dichlorodiphenyltrichloroethane
drainage improvement district
dissolved oxygen

Escherichia colbacteria

U.S. Environmental Protection Agency
Ephemeroptera, Plecoptera, and Trichoptera
S-ethyl dipropylthiocarbamate

feet per mile

sediment-water partition coefficient

pounds per day

maximum contaminant level

milliliters per gram

National Academy of Sciences National Academy of Engineering

U.S. Geological Survey’s National Stream Quality Accounting Network
U.S. Geological Survey’s National Water-Quality Assessment Program
U.S. Fish and Wildlife Service’s National Contaminant Biomonitoring Program
nonpesticide agricultural intensity

EPA’s National Study of Chemical Residues in Fish

polycyclic aromatic hydrocarbons

polychlorinated biphenyls

picocuries per liter

gualitative multihabitat

river mile

soluble reactive phosphorus

U.S. Geological Survey

water year

less than

greater than

Xi
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Surface-Water-Quality Assessment of the Yakima
River Basin in Washington: Overview of Major
Findings, 1987-91

By Jennifer L. Morace, Gregory J. Fuhrer, Joseph F. Rinella, Stuart W. McKenzie, and
Others

ABSTRACT a distance of 33 miles from Umtanum
(RM 140.4) to just upstream from Union Gap

Surface-water-quality conditions were and also has a high gradient, with an average
assessed in the Yakima River Basin, which  streambed slope of 11 ft/mi. The lower reach of
drains 6,155 square miles of mostly forested, the Yakima River drains the Lower Valley and
range, and agricultural land in Washington.  has an average streambed slope of 7 ft/mi over
The Yakima River Basin is one of the most  the 107 miles from Union Gap (RM 107.2) to
intensively farmed and irrigated areas in the the mouth of the Yakima River.
United States, and is often referred to as the
“Nation’s Fruitbowl.” Natural and anthropo- These reaches exhibited differences in
genic sources of contaminants and flow water-quality conditions related to the differ-
regulation control water-quality conditions ~ ences in geologic sources of contaminants
throughout the basin. This report summarizes and land use. Compared with the rest of the
the spatial and temporal distribution, sources, basin, the Kittitas Valley and headwaters of
and implications of the dissolved oxygen, the Naches River Subbasin had relatively low
water temperature, pH, suspended sediment, concentrations and loads of suspended sedi-
nutrient, organic compound (pesticide), trace ment, nutrients, organic compounds, and fecal
element, fecal indicator bacteria, radionuclide,indicator bacteria. There were very few failures
and aquatic ecology data collected during the to meet the Washington State dissolved oxygen
1987-91 water years. standard or exceedances of the water tempera-

The Yakima River descends from a water tUre and pH standards in this reach. In general,
surface altitude of 2.449 feet at the foot of these areas are considered to be areas of less-

Keechelus Dam to 340 feet at its mouth downdegraded water quality in the basin. The pre-
stream from Horn Rapids Dam near Richland.T€rtiary metamorphic and intrusive rocks of
The basin can be divided into three distinct the Cle Elum and Teanaway River Subbasins,
river reaches on the basis of its physical charadiowever, were found to be significant geologic
teristics. The upper reach, which drains the sources of antimony, arsenic, chromium,
Kittitas Valley, has a high gradient, with an ~ copper, mercury, nickel, selenium, and zinc.
average streambed slope of 14 feet per mile As a result, the arsenic, chromium, and nickel
(ft/mi) over the 74 miles from the foot of concentrations measured in the streambed
Keechelus Dam (river mile [RM] 214.5) to sediment of the Kittitas Valley were 13 to

just upstream from Umtanum. The middle 74 times higher than those measured in the
reach, which drains the Mid Valley, extends Lower Valley.



The Mid and Lower Valleys had similar ~ ment, the basin was divided into four natural
water-quality conditions, governed by the in- ecological categories: (1) Cascades ecoregion,
tensive agricultural and irrigation activities, (2) Eastern Cascades Slopes and Foothills
highly erosive landscapes, and flow regulation.ecoregion, (3) Columbia Basin ecoregion, and
Most of the failures to meet the Washington (4) large rivers. Each of these categories has a
State standards for dissolved oxygen and unique combination of climate and landscape
exceedances of the standards for water tempeteatures that produces a distinctive terrestrial

ature and pH occurred in the Mid and Lower Vegetation assemblage. In the combined Cas-
Valleys. Agricultural drains in the Mid and ~ ¢ades and Eastern Cascades site group, which

Lower Valleys were found to be significant had the fewest impaired sites, the metals index

sources of nutrients, suspended sediment, ~ Was the only physical and chemical index that
pesticides, and fecal indicator bacteria. Down.Ndicated any impairment. The moderate levels

stream from the irrigation diversions near 01;:?é)rilrrnmiriltienso\f\(leeolrénng}[er:nvertekr)rate an_dtalé
Union Gap, summertime streamflow in the 9 u , NOWever, associate

Yakima River was drastically reduced to only \é\?]fgc?;egﬂf’ air:ld rz?t?l\Qﬁvﬁtggeigt;ilgie%;?oth.e
a few hundred cubic feet per second. In the gging, g y g

lower Yakima River, agricultural return flow ging was not directly quantified in this study.

: Sites in the Columbia Basin site group were all
typically accounts for as much as 80 percent e rately or severely impaired with the ex-
of the main stem summertime flow near the

) : ception of the two reference sites (Umtanum
downstream terminus of the basin. Therefore,Creek and Satus Creek below Dry Creek)

the \_/vater-_quality characteristics of the I_ower which showed no physical, chemical, or bio-
Yakima River resemble those of the agricultur-jggical impairment. Three sites were heavily
al drains. The highest fecal bacteria concen- affected by agriculture (Granger Drain, Moxee
trations (35,000 colonies @&fscherichia coli Drain’ and Sp“ng Creek) and were listed as
per 100 milliliters of water) were measured in severely impaired by most of the physical,
the Granger/Sunnyside area, the location of chemical, and biological condition indices.
most of the livestock in the basin. The east sideAgriculture was the primary cause of the im-
area of the Lower Valley (area east of the Yaki-pairment of biological communities in this site
ma River) was the predominant source area forgroup. The primary physical and chemical indi-
suspended sediment and pesticides in the basicators of agricultural effects were nutrients,
This area had the largest acreage of irrigated pesticides, dissolved solids, and substrate em-
land and generally received the largest applicabeddedness, which all tended to increase with
tion of pesticides. Owing to the highly erosive agricultural intensity. The biological effects of
soils of the area, the suspended sediment loa@griculture were manifested by a decrease in
from the east side in June 1989 (320 kilogramsthe abundance and number of native species
per day) was five or more times larger than  Of fish and invertebrates, a shift in algal com-
from any other area, and the loads munities to species indicative of eutrophic
of several of the more hydrophobic organic ~ conditions, and higher abundances. There was
compounds were four or more times larger. also an increase in the abundance and number
of nonnative fish species due to the prevalence
An ecological assessment of the Yakima of fish that are largely tolerant of nutrient-rich
River Basin ranked physical, chemical, and conditions. Main stem (large river) sites down-
biological conditions at impaired (degraded) stream from the city of Yakima exhibited
sites against reference sites in an effortto ~ severe impairment of fish communities associ-
understand how land use changes physical ated with high levels of pesticides in fish
and chemical site characteristics and how  tissues and the presence of external anomalies
biota respond to these changes. For this assess fish.



SUMMARY OF MAJOR ISSUES increased lifetime cancer risk of 1:100,000)

AND FINDINGS for the consumption of aquatic organisms
and water in 43 percent of the filtered surface-
POTENTIAL TOXICITY water samples collected. The sites with exceed-

ances were located predominantly in the Lower
Valley, the reach from Union Gap (RM 107.2)

HUMAN HEALTH to the mouth of the Yakima River. [p. 87]
Concentrations of several organic compounds, » Concentrations of mgrcury exceeded the
arsenic, mercury, and E. coli bacteria in either human health screening values for the con-

fish tissue and (or) water samples collected in sumption of aguatic organisms and water in

the Yakima River Basin, particularly down- 4 percent of the filtered surface-water samples
stream from the city of Yakima, have the collected. In fish muscle samples, however,
potential to cause adverse human health concentrations of mercury from four sites in the
effects. basin exceeded screening values established for

children (consumers of an average of about one
6-ounce filet per month), recreational
fishermen (5 filets per month), and subsistence
fishermen (25 filets per month) for all species
of fish sampled. [p. 87]

* Most samples of resident fish collected down-
stream from the city of Yakima had concen-
trations of DDT and its degradation products
(DDT+DDE+DDD), PCBs, chlordane related
compounds, dieldrin, toxaphene, and polycy-
clic aromatic hydrocarbons higher than concen- * Surface-water samples collected during the

trations expected to result in an increased irrigation season from 11 drains, ditches,
lifetime cancer risk of 1:1,000,000, using wasteways, and canals, most carrying varying
EPA's risk assessment methodology calcula- amounts of agricultural return flow, exceeded
tions. The highest increased cancer risk was all 4 of the EPA recommended limits f&r. coli

computed to be 600:1,000,000 and was based concentrations, based on the degree of risk
on the detection of high PCB concentrations in exposure to gastrointestinal illness from

whole resident fish from the Yakima River at recreational contact with water. These elevated
Kiona (river mile [RM] 29.9). [p. 74] bacteria concentrations coincided with the

« As a result of the DDT+DDE+DDD concen- dlstrlbut_lon of cattle, espeuallly mfthe G_rang_er/
trations measured during this study, the Sunnysnde area. Water samples from nine sites,
Washington Department of Health (1993) most in the Lower Valley, exceeded 200

colonies of fecal coliform bacteria per
100 milliliters of water, the Washington
State standard for Class A streams. [p. 93]

issued a recommendation to “eat fewer bottom
fish,” particularly largescale sucker, bridgelip
sucker, and mountain whitefish, from the
Yakima River Basin, particularly from “the
lower Yakima River and agricultural drains, AQUATIC LIFE

from the city of Yakima to the Columbia E q ¢ ambi i
River.” [p 75] Xxceedances of ambient Water-qua |ty

_ _ o o standards and criteria for the protection of
* When the city of Yakima’s finished drinking  aquatic organisms were measured for water

water supply was analyzed for 67 pesticides intemperature, pH, dissolved oxygen, pesticides,
June 1989, the only compound detected was and trace elements. Most exceedances were
DDE (0.36 nanograms per liter), a breakdown detected in the agriculturally dominated Lower
product of DDT. Assuming that a person Valley.

ingests 2 liters of this water each day, the « Water-quality conditions, based on the data

increased lifetime cancer risk was relatively collected in the Cascades and Eastern Cascades
small (4:1,000,000,000). [p. 70] Slopes and Foothills ecoregions, generally

« Concentrations of arsenic exceeded the human met Washington State water-quality stan-
health screening values (determined for an dards (class AA—extraordinary and class



A—excellent). There was some trace element
enrichment (antimony, arsenic, chromium,
copper, mercury, nickel, selenium, and zinc)

in sediments derived from geologic sources

in the Cle Elum, Upper Naches, Teanaway,
and Tieton River Subbasins, however, water-
guality standards have not been established for
sediments.

water-quality criteria for the protection of
aquatic organisms) at two or more sites in the
Yakima River Basin during the 1987-91 water
years. [p. 87]

TRACE ELEMENT ENRICHMENT

The spatial and temporal patterns observed in

Of all the water temperature and pH

trace element concentrations are determined by

determinations made throughout the 1986—91 geologic enrichment and human activities in the
water years, 12 and 11 percent of these valuesbasin.

respectively, exceeded the Washington State
standards. During a summer synoptic sampling
designed to target minimum dissolved oxygen
values, nearly half of the sites sampled failed to
meet the State standard. The majority of these
exceedances and failures occurred in the
Lower Valley. As aresult of respiration activity
and photosynthesis, most dissolved oxygen
concentrations failing to meet the Washington
State standards occurred in the early morning
and most pH values exceeding the standards
occurred in the afternoon. [p. 23, 27]

Although nitrogen and phosphorus concen-
trations in water were not compared to any
water-quality criteria or standards, it is
important to note that if turbidity were to
significantly decrease, increased sunlight
penetration in the water column could increase
eutrophication in the lower Yakima River and
result in increased dissolved oxygen, pH
concerns, and aquatic growth. [p. 52]

Pesticides that most frequently exceeded
chronic-toxicity water-quality criteria (EPA)
or guidelines for the protection of freshwater
aqguatic life (National Academy of Sciences and
National Academy of Engineering) in

June 1989 included DDT+DDE+DDD,
dieldrin, diazinon, and parathion. Most
exceedances of criteria and guidelines for
organic compounds in water, sediment, and
aguatic biota occurred in agricultural return
flows and in the main stem downstream from
the city of Yakima. [p. 76]

Concentrations of cadmium, chromium,
copper, iron, lead, mercury, silver, and zinc
in filtered and (or) unfiltered water exceeded
screening values (based on EPA’s ambient

» Geologic enrichment of antimony, arsenic,

chromium, copper, mercury, nickel, selenium,
and zinc in the pre-Tertiary metamorphic and
intrusive rocks of the Kittitas Valley caused
elevated concentrations in bed sediments in

a pristine area relative to concentrations
observed in the Lower Valley. The chromium
concentrations measured in bed sediment
samples from the Cle Elum and Teanaway
River Subbasins exceeded the 95-percent range
for Western United States soils. [p. 78]

Human activities also increased the concentra-
tions of antimony, cadmium, copper, lead,
mercury, selenium, and zinc in bed sediment
samples from the Mid and Lower Valleys. For
example, elevated lead concentrations were
found in the soils of former apple orchards
where the pesticide lead arsenate was used
historically. [p. 84]

Seasonal patterns of trace element concen-
trations depended on their source. Elements
associated with mineralogy of native sediment,
such as chromium, had elevated concentrations
in water during the snowmelt and irrigation
seasons, with sharp decreases in the late irri-
gation season coinciding with the curtailment
of reservoir releases. Arsenic concentrations,
which were affected by human activities, were
diluted in Sulphur Creek Wasteway during the
irrigation season and elevated during the
nonirrigation season when the wasteway
received a larger proportion of ground water.

In the main stem of the Yakima River, where
streamflows were smaller during the irrigation
season, arsenic concentrations resembled those
in the agricultural drains, because as much as
80 percent of the flow came from the drains.



During the nonirrigation season, arsenic
concentrations were diluted by pristine water
from upstream sources. [p. 81, 85]

AGRICULTURAL RUNOFF

PESTICIDES

An estimated 3 million kilograms of active
organic ingredients were applied in the Yakima
River Basin in 1989. More than 110 organic
compounds, including those associated with
industrial and urban activities and pesticides
(used both presently and historically), were
detected in streams throughout the basin
during the 1987-91 water years. Increases in
specific pesticide use generally coincided with
increases in the number of pesticide detections
in streams.

* The flushing of compounds from soil-pore

from agricultural land were a major source of
DDT+DDE+DDD to the streams. [p. 73]

SUSPENDED SEDIMENT

In the Yakima River, suspended sediment
concentrations and turbidity increased in a
downstream direction, coinciding with
increased runoff from agricultural areas.

* In the Kittitas Valley, the median concen-
trations of suspended sediment samples
collected monthly during the 1987-91 water
years in the main stem ranged from 3 mg/L
(milligrams per liter) in the Yakima River
at Cle Elum (a site unaffected by agricultural
areas) to 17 mg/L in the Yakima River at
Umtanum (a site affected by erosion from agri-
cultural areas in the Kittitas Valley). [p. 29]

* In the Lower Valley, the median suspended
sediment concentrations increased from
20 mg/L in the Yakima River at Union Gap to
28 mg/L in the Yakima River at Grandview and

water, the eroding of soil-sorbed compounds,
and the dissolving of compounds from soil and
sedimentinto surface water are major pathways
for pesticides to travel from agricultural fields
to streams and aquatic biota. Therefore,
following pesticide applications in the spring,
pesticide loads were the highest when the soils
were eroded and transported to the streams in
irrigation return flow and storm runoff. [p. 76,
64]

The east side (area east of the Yakima River
downstream from the city of Yakima) was the
predominant source area for suspended
sediment and pesticides in the basin during

25 mg/L in the Yakima River at Kiona, near the
terminus of the basin. The suspended sediment
concentration at Grandview reflects local
runoff from several agriculturally affected
drains, including Sulphur Creek Wasteway,
the basin’s largest agricultural drain, in which
values ranged from 7 to 909 mg/L. [p. 30]

NUTRIENTS

Nutrient concentrations also increased in a
downstream direction, coinciding with
increased runoff from agricultural areas.

the irrigation season. This area had the largest ¢ The largest main stem concentrations were

acreage of irrigated land and generally received
the largest application of pesticides. Due to the
highly erosive soils and the steeper slopesin the
area, the suspended sediment load from the east
side in June 1989 was five or more times larger
than from any other area, and the loads of
several of the more hydrophobic compounds
were four or more times larger. [p. 68]

Concentrations of DDT+DDE+DDD detected

in agricultural soil samples were higher than
those in suspended sediment and streambed
sediment samples, which suggests eroding soils

measured at the Grandview and Kiona sites,
where the median concentrations of the
monthly values during the 1987-91 water years
were 4 to 70 times those measured at Cle Elum.

[p. 45]

« In the Kittitas Valley, concentrations of

total nitrogen and total phosphorus in Wilson
Creek and Cherry Creek, both of which drain
agricultural land, were 7 to 25 times larger than
those measured at Cle Elum during the July
1988 synoptic sampling. Downstream from the
creeks, the abundant streamflow in the upper



reach of the main stem diluted these high BIOLOGICAL INDICES
nutrient concentrations. [p. 45]

Biological indices were more sensitive
Sulphur Creek Wasteway and several agricul- indicators of site conditions than physical
tural drains contributed high nutrient concen- and chemical measures because the biological
trations to the main stem in the reach betweenindices integrated effects arising from a broad
Union Gap and Kiona. Median concentrations range of factors, both measured and unmea-
in Sulphur Creek Wasteway measured during sured. For instance, invertebrate and algal com-
the 1987-91 water years were approximately munities at some sites had moderate levels of
twice those in the main stem at Grandview and ImPairment when physical and chemical condi-

Kiona, with the exception of the ammonia con-
centration, which was about three times larger.
[p. 45]

» Total phosphorus concentrations followed
the pattern of elevated concentrations during
periods of larger streamflows and sediment
transport. Therefore, the highest concentrations
of total phosphorus in the main stem occurred
during the snowmelt season. Seasonal patterns
of nitrogen concentrations, however, were con-
trolled by dilution effects, with lower concen-

tion indices indicated no impairment.

* Anindex of metals contamination did not relate

to biological impairmentin the upper part of the
basin (Kittitas Valley). Invertebrate and algal
community condition indices suggest that
conditions at some sites may have declined
relative to those at other sites in the Cascades
and Eastern Cascades site group. It was beyond
the scope of this study to establish the reason
for the impairment and the trends in site
conditions. [p.110]

trations during periods of larger streamflows. BIOLOGICAL COMMUNITIES

Nitrogen concentrations were, therefore, high-

est during periods of low flow—irrigation and Agricultural activities were the primary
post-irrigation seasons in the main stem of thefactors causing the impairment of biological
Yakima River and post-irrigation and winter ~ communities in the Lower Valley (Columbia

seasons in the agricultural drains. [p. 51, 50] Basin ecoregion). The primary chemical and
physical indicators of impairment are nutrients,

pesticides, dissolved solids, and substrate

embeddedness, which all tend to increase with
ECOLOGICAL CONDITIONS agricultural intensity.

BIOLOGICAL CONDITIONS

Biological conditions ranged from unimpaired
to severely impaired within the basin, and the
level of impairment varied with the type of
community considered (fish, invertebrates,

or algae). The source of human-caused
impairment was agricultural practices, which
affected sites in the Lower Valley (Columbia
Basin ecoregion).

* Biological conditions of invertebrate and
algal communities declined markedly at
even relatively low levels of agricultural
intensity. Fish showed a more moderate
response, probably as a result of greater
mobility. [p. 113]

« Sites in the Lower Valley were all moderately

or severely impaired with the exception of

the two reference sites (Umtanum Creek at
Umtanum and Satus Creek below Dry Creek),
which showed no physical, chemical, or
biological impairment. Three sites were heavily
affected by agricultural practices (Granger
Drain at Granger, Moxee Drain near Union
Gap, and Spring Creek at Whitstran). Despite
similarity in physical and chemical impairment
levels, Cherry Creek at Thrall, Satus Creek at
gage, and Wide Hollow Creek at Union Gap all
had levels of pesticides that were much higher
than at Ahtanum Creek at Union Gap, although
the levels of agricultural intensity were similar.
Therefore, it is probable that community
conditions in Ahtanum Creek could rapidly
degrade if agricultural intensity or pesticide



SUSPENDED SEDIMENT AND NUTRIENTS

Conservation measures that minimize soil
erosion will minimize suspended sediment and
nutrient concentrations in Yakima River Basin
streams.

contamination were to increase even by
relatively modest amounts. [p. 110]

The biological effects of agricultural practices
are manifested by a decrease in the number of
species (taxa richness) and abundance of fish
and invertebrates, a shift in algal communities
to species indicative of eutrophic conditions,
and higher abundances. [p. 112]

Columbia River. As a result, streamflow
management activities that increase the storage
of snowmelt runoff may reduce the flushing or
transport of sediment sorbed nutrients out of the
upper basin and consequently decrease the
supply of nutrients to nuisance aquatic plantsin
the lower basin. [p. 62]

PESTICIDES

FUTURE CONSIDERATIONS

Responsible use of agricultural pesticides

which includes considering the physical and

chemical properties of the pesticides, methods

of irrigation, and environmental setting—will

» The major source of suspended sediment and
turbidity in the Yakima River Basin during the
irrigation season is agricultural activity. Tillage
processes commonly used in the basin leave the
land highly susceptible to erosion by irrigation
activity. High rates of sediment transport to
tributaries were generally associated with the
growing of hops. Apple and pear orchards,
however, have reduced erosion by using
sprinkler irrigation and grassland covers.

[p. 40]

Although conditions favoring eutrophication
existed in the lower main stem during 1992, the
low measurements of phytoplankton density
and biovolume indicate that stream turbidity
may have been inhibiting phytoplankton
growth. If turbidity were to significantly
decrease, increased sunlight penetration in the
water column could increase eutrophication in
the lower Yakima River and result in unaccept-
able levels of dissolved oxygen, pH, and
aguatic growth. [p. 52]

Agricultural fertilizers, suspended sediment,
beef and dairy practices, and sewage from
municipal and septic tank sources are primary
sources of nitrogen and phosphorus. [p. 62]

The large streamflows associated with the
snowmelt season were important in the
transport of suspended sediment and associated
nutrients from the Yakima River Basin to the

help control the transport and fate of pesticides.

* Pesticides with one or more of the following
characteristics will minimize the likelihood of
pesticide transport from agricultural fields to
streams: (1) half-lives in soils and water of less
than 3 weeks, to increase the likelihood of the
compounds to degrade in the fields prior to
stream transport; (2) water solubilities less than
30 mg/L, to minimize dissolution and flushing
of pesticides from soils; and (3) sediment-water
partition coefficient (K. values larger than
500 milliliters per gram, to increase the likeli-
hood of the pesticide to remain sorbed to agri-
cultural soils. These characteristics, in concert
with reductions in overland runoff and erosion,
are key factors that could result in reduced
pesticide concentrations in streams. [p. 77]

 Of the four types of irrigation methods used in
the Yakima River Basin (rill, flood, sprinkler,
and drip), drip (above and below land surface)
irrigation is the most effective method for
reducing erosion and overland runoff because a
minimum amount of water is applied to the land
surface and subsurface soils. Drip irrigation is
not, however, an appropriate irrigation method
for all crops. [p. 77]

 Other factors that affect pesticide transport to
streams include: timing of irrigation and storm
runoff relative to pesticide application and
the likelihood for increased overland runoff,
location of pesticide application relative to the
potential for stream contamination, method of
pesticide application (ground vehicle sprays,
aerial sprays, and chemigation), and use of



grass cover crops to help hold the soil in place.
[p. 77]

Pesticide and nutrient effects were strongly
correlated, and increased concen-trations were
associated with degraded biological
communities and habitat. These associations
are important to consider when devising
management strategies for monitoring and
improving water quality. For example, nutrient
surveys in place of pesticide surveys could be a
cost effective means of monitoring agricultural

 As part of an integrated monitoring program,
continue to determine and evaluate relations
between water quality and land use. Addi-
tionally, initiate programs that are designed to
determine the response of invertebrate and
algal communities to changes in land use that
include low levels of agricultural intensity.
Community responses to changes in land use
activity can be very rapid even at relatively low
land use intensities. [p. 113]

effects on invertebrate and algal communities. OTHER CONSIDERATIONS

[p. 112]

Results from the fecal bacteria, trace element,
and fish tissue sampling efforts could be used

ECOLOGY

Future monitoring and mitigation efforts that
focus on relations among water quality, land
use, and ecological conditions will help achieve
effect restoration.

« Monitoring the status of fish communities in

to good effect by water managers designing
future monitoring programs in the Yakima River
Basin.

» Concentrations of fecal bacteria exceeded EPA
standards for recreational use throughout the
lower basin. For maximum cost effectiveness,
future monitoring would best be focused in

the Yakima River would provide managers
with an effective tool for protecting the
ecosystem and human health. Even though
pesticide concentrations at the agriculturally
dominated large-river sites exhibit dilution
effects, the fish community condition index and
the index of pesticides in fish tissues suggest
that pesticides are readily accumulated by fish
in these systems and even the low levels of
pesticides that are in water and suspended
sediment are associated with a substantial
impairment of the fish community and cause a
risk to humans consuming these fish. [p. 112]

Cost-effective restoration can only be achieved
when it is determined whether the biological
community responds to changes in land use
and, if it does, the form of that response.
Modest mitigation efforts in areas of high
agricultural intensity probably will not produce
meaningful improvement. In contrast,
relatively modest mitigation efforts at sites
where the level of agricultural intensity is near
the impairment threshold will probably
produce large improvements in community
conditions at relatively modest costs. [p. 113]

agricultural return flows downstream from
livestock areas where some of the largest
concentrations were detected. [p. 93]

» Point and nonpoint sources of trace elements
need to be monitored and quantified at the
subbasin level most effectively to assess the
quality of water and sediment in the basin. [p.
88]

» Ground-water inflow into Sulphur Creek
Wasteway during the nonirrigation season may
result in large concentrations of arsenic, a
carcinogen that is detrimental to human health
at low concentrations. Monitoring of shallow
domestic wells for arsenic in areas of intense
irrigation where lead arsenate was most likely
applied to crops would facilitate the evaluation
of a possible arsenic hazard in drinking water
from wells. [p. 88]

» Elevated concentrations of organic com-
pounds and trace elements in fish tissue
samples emphasize the need to analyze fish
filet samples in an effort to get a better under-
standing of the contaminant concentrations that
fish consumers are ingesting. [p. 74, 87]



INTRODUCTION Rinella, 1987). The Yakima Study began its plan-
ning phase in 1986, initiated a data collection phase
One of the most difficult issues facing water ~Tom 1987 to 1990, and, in 1991, began the report
managers today is the need to protect the Nation’vriting phase._Thls report summarizes the findings
water resources while supporting urban, industrial,of the study with regard to dlssolvgd oxygen, water
and agricultural activities. Over the last several —temperature, pH, suspended sediment, nutrients,
decades, concern about the water quality of our Organic compounds, trace elements, fecal indicator
Nation’s waterways has intensified. Federal, Tribal, bacteria, radionuclides, and aquatic ecology.

State, and local agencies, as well as the public in .
general, recognize the detrimental effects of point The full-scale NAWQA program, which began

and nonpoint sources of pollution to the aquatic " 1991, entails the operation of about 60 study
environment. Many local governments are limiting Units covering about 60 to 70 percent of the

the quantity of chemicals entering waterways from Nation's water resources (Leahy and others, 1990).
point and nonpoint sources by establishing total  1he NAWQA program will provide results that are
maximum daily loads. Setting these limits is diffi- US€ful in understanding and managing water
cult and generally requires background chemical "€Sources an_q will address national water-quality
measurements. For example, attempts to limit poiniSsues. Specifically, the goals of the NAWQA
source discharges of copper to a river may be probProgram are to:

lematic when background contributions from geo-

logically enriched areas are not defined. 1. Provide a nationally consistent description of

current water-quality conditions for a large part
A major national concern is the degradation of ~ of the nation's water resources;

water quality caused by agricultural runoff, a non- _ _

point source. Pesticides and fertilizers often are  2- Define long term trends (or lack of trends) in

found in agricultural runoff. Although these chemi-  Water quality; and

cals greatly enhance the productivity of farmland,

their beneficial uses may be at the expense of the

aguatic environment. Pesticides can be sources of

organic constituents, such as DDT, and trace ele-

ments, such as lead and arsenic. Fertilizers may pro-  The program is long term and involves a cyclic

mote eutrophication in surface water, and pesticide?)a,[tern of 3 years of high-level sampling followed

and fe(;tlllzers (\:/3?1 directly cor?tammate.shallow by a period of low-level sampling. This cyclic pat-
ground water. en present in excessive concen-a ., ¢ sampling is designed to determine existing

tratlogs,t or_galnlc con;_pounds.and tracc:ie elemlttantfh as well as long-term trends in water quality. The
May be toxic 1o aqualic organisms and may after ater-quality issues addressed in the program are

structure of aquatic comm_unltle_s. Ultimately, the broad, including topics such as eutrophication, pes-
occurrence of these chemicals in streams can be _. . . ) ;
ticides, volatile organic compounds, major and

measured in terms of the effects on aquatic commu: :
o trace elementfs suspended sediment, stream tem-
nities and human health.

perature, and aquatic biota.

3. Identify, describe, and explain, as possible, the
major factors affecting water-quality conditions
and trends.

Background 1AIthough definitions of the terms “major” and
“trace” in reference to element concentrations are not precise,
substances typically occurring in concentrations of less than
In 1986, Congress approved funds for the U.S.1,000 parts per million (< 0.1 percent) are considered trace

Geological Survey (USGS) to implement a pilot elements (Fors_tne_r and Wittma_nn, 1979, p. 5). Elements
program to test and refine concepts for a National typlca_lly occurring in concentrgtlons ofgreaterth_an 1,000 pa_rts
Water-Quality Assessment (NAWQA) program per million are conS|der.ed major elerlnents..ln this report major

) < ) . elements are reported in concentration units of percent and
(Hirsch and others, 1988). The Yakima River Basin yrace elements are reported in concentration units of micro-
was one of four surface-water pilot studies selectedyrams per gramug/g) for streambed sediment samples and
to refine NAWQA concepts (McKenzie and micrograms per litern(g/L) for water samples.



Purpose and Scope

This report is an overview of significant find-
ings of the pilot NAWQA study in the Yakima
River Basin, Washington. Itis intended to direct the
reader to specific subjects of interest in addition to
providing a synopsis of water-quality conditions in
the Yakima River Basin for the period 1987-91.

The purpose of this surface-water study was to

identify and describe:

1. The occurrence and distribution of nutrients,

organic compounds, major and trace elements,

stem and its largest tributary, the Naches River, are
perennial, with peak runoff during peak snowmelt,
usually in April and May. The Bureau of Reclama-
tion’s Yakima Project has six irrigation divisions
and one storage division and provides water to irri-
gate almost one-half million acres. Its facilities
include 6 storage reser-voirs, 416 miles of canals,
1,701 miles of laterals, 30 pumping plants,

145 miles of drains, 2 small hydroelectric plants,
and 74 miles of transmission lines (Bonneville
Power Administration, 1985). Many of these water-
ways, most of which are natural streams, convey
agricultural runoff and drainage, livestock wastes,

suspended sediment, fecal indicator bacteria, andnd sewage treatment plant effluent to the main

aguatic biota (including insects, fish, clams, and
vegetation);

. The temporal variation of water-quality para-
meters in media that include filtered water
unfiltered watet, suspended sediment,
streambed sediment, and aquatic biota;

. The suitability of surface water for the
preservation of aquatic life and protection
of human health;

contaminants in the Yakima River Basin that
affect observed water-quality conditions; and

. The implications of the assessment study
with regard to future monitoring activities,
assessment studies, and water management.

THE YAKIMA RIVER BASIN

The Yakima River flows 214.5 miles from the
outlet of Keechelus Lake in the central Washington
Cascades southeasterly to the Columbia River,
draining an area of 6,155 square miles (fig. 1;
Columbia Basin Inter-Agency Committee, 1964).
The Yakima River Basin is one of the most inten-

stem. Surface-water diversions are equivalent to
about 60 percent of the mean annual streamflow
from the basin. Return flows downstream from the
city of Yakima contribute as much as 80 to

90 percent of the flow in the lower main stem dur-
ing the irrigation season. A schematic diagram of
selected inflows and outflows is shown in figure 2.
Many of these inflows carry agricultural return
flow.

The Yakima River Basin contains a variety

. The major natural and human-related sources obf landforms, including the high peaks and deep

valleys of the Cascade Range, broad valleys and
basalt ridges of the Columbia Plateau, and low-
lands. Altitude in the basin ranges from 340 ft (feet)
at the mouth of the Yakima River to 8,184 ft in the
headwaters, located in the Cascade Range. Glacia-
tion has carved deep valleys in the high mountains,
and streams and small glaciers continue to erode the
already steep slopes. Mean annual precipitation in
the basin ranges from 140 inches per year in the
mountains to less than 10 inches per year in Ken-
newick, near the mouth of the basin. The central
and eastern parts of the basin consist of basalt flows
that form a series of east-northeast to east-southeast
trending valleys and ridges. The eastern part is
more arid than the western part, which is forested
and mountainous.

sively irrigated areas in the United States. The main

2The term “filtered water” is an operational definition
referring to the chemical analysis of that portion of a water
suspended sediment sample that passes through a nominal
0.45um (micrometer) pore filter.

3 Conversely, the term “unfiltered water” refers to the

Before 1880, annual anadromous fish runs
numbered more than 500,000 adults in the Yakima
River Basin (Rinella, McKenzie, and Fuhrer,
1992b). By the 1980s, anadromous fish runs had
declined to 4,000 adults per year (Bonneville
Power Administration, 1988). The major factors

chemical analysis of a water sample that has not been filterecconsidered to affect fisheries in the basin today are
or centrifuged, nor in any way altered from the original matrix. |loss of fish habitat, loss of smolts during migration
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Figure 2 . Relative positions of selected tributaries, diversion canals, return flows, and stream-gaging stations in the
Yakima River Basin, Washington.
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down the Yakima and Columbia Rivers to the ambed is composed mostly of cobble and large
ocean, fishing demands on the Columbia River andgravel with some boulders, sand, and silt. In gen-
in the ocean, and poor water-quality conditions. eral, the rocks are slightly embedded and covered
lightly to moderately with periphyton, and the stre-
ambed is free of rooted aquatic plants. The substrate
in the backwater of the Roza Dam, however, is pre-
dominantly silt and clay with some organic matter
The Yakima River descends from a water sur-and supports rooted aquatic plants.
face altitude of 2,449 ft at the foot of Keechelus
Dam to 340 ft at its mouth downstream from Horn ~ The Naches River, a major tributary with
Rapids Dam near Richland (fig. 3). The headwatersl,106 square miles of drainage area, flows into the
of Keechelus Lake and other tributaries flowing to Mid Valley at RM 116.3. The Naches River is a
the lake range in altitude from about 2,500 ft to  Steep gradient stream with an average streambed
more than 6,000 ft on the eastern slopes of the Caslope of 36 ft/mi. It ranges in altitude from 2,560 ft
cade Mountains. The Yakima River Basin can be at the confluence of the Little Naches and Bumping
divided into three distinctive river reaches on the Rivers to 1,070 ft at its mouth. (Headwaters of the
basis of its physical characteristics (fig. 3). The  Naches River have water surface altitudes as high
upper reach, which drains tKdttitas Valley , is as 6,000 ft.) The river is shallow and the streambed
a steep gradient stream with an average streambed composed mostly of cobble and large gravel with
slope of 14 ft/mi (feet per mile) over the 74 miles some boulders, sand, and silt. Rocks are covered
from the foot of Keechelus Dam (river mile [RM] lightly to moderately with periphyton and are
214.5) to just upstream from Umtanum. In this  slightly embedded in sediment. The vegetative
reach, the river is shallow and the streambed is  ¢over and thin soil mantle of the upper Naches Sub-
composed mostly of cobble and large gravel with pasin limit the amount of suspended sediment in the
some boulders, sand, and silt. Rocks are lightly covsiream, Steep river gradients tend to keep most sed-
ered with periphyton and are slightly embedded injment suspended until the Naches River flows into

sediment. the middle reach where velocities decrease.

Stream Reaches

The middle reach, which drains tMid Valley  the |ower reach of the Yakima River drains the
and extends a distance of 33 miles from Umtanum o, e valley and has an average streambed slope
(RM 140.4) to just upstream from Union Gap, is of 7 ft/mi over the 107 miles from Union Gap

also a steep gradient stream with an average strearﬂéM 107.2) to the mouth of the Yakima River (fig.

bed slope of 11 ft/mi (fig. 3). The Roza Dam,
: . 3). The streambed slope, streamflow, and average
located on the Yakima River at RM 127.9, serves . . .

. . : . water velocity vary throughout this reach. During
to raise the hydraulic head of the river to divert the irrigation season, streamflow is diverted to the
water into an irrigation canal. Several waterways, W tg 4s ; q s A It th
including Wilson Creek and Moxee Drain, carry apato and sunnyside canais. As a resuf, the

streamflow in the main stem downstream of these

sediment-laden irrigation return flow to the middle . _ _
reach during the irrigation season (approximately diversions is commonly less than several hundred

March 15 through October 15). Typical suspended?“_bic feet per second. Streamflovys remain low until
sediment concentrations during the irrigation sea- 'figation water returns to the main stem by water-
son were about 100 mg/L (milligrams per liter) and Ways between Parker (RM 104.6) and Mabton
650 mg/L for Wilson Creek and Moxee Drain, (RM 59.8). During the 1974-81 irrigation seasons,
respectively. Some of this sediment-laden water is,2s much as 80 percent of the mean monthly irriga-
in turn, diverted into the Roza, Wapato, and 5unny1ion return at Kiona was from tributaries carrying
side irrigation canals. Sediment also is deposited inrrigation return flow between Parker and Kiona
low velocity backwaters of the middle reach, (Rinella, McKenzie, and Fuhrer, 1992b). The
whereas the fine-fraction sediment is transported upstream part of the lower reach of the Yakima
farther down the main stem. Similar to the upper River has a steep channel slope (12.8 ft/mi) that
reach, the middle reach is shallow, and the stre- decreases midway through the reach (0.9 ft/mi) and
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evolves into a slow moving, meandering pool. The ment. The western and northern margins of the
pool, located upstream from the Euclid Road bridgebasin are in the Cascade Range (fig. 1). The Cas-
(RM 55) near Grandview, is hydraulically charac- cade Range mountains in the basin consist of a
terized as a stilling basin behind a bedrock control.complex assemblage of volcanic, sedimentary,
The pool is a depositional reach and contains pre-metamorphic, and intrusive rocks.

dommantly silt, clay, and some small gravel and_ The Columbia Plateau province is dominated
organic matter. The substrate in the steeper gradlerg

) y lavas of the Columbia River Basalt Group,
sections, upstream and downstream from the pool,2 .~
A . which include the Grande Ronde, Wanapum, and
is similar to that of the upper and middle reaches.

Rooted aquatic plants are numerous within the Saddle Mountains Basalts (Walsh and others,

lower reach, especially in the vicinity of Horn Rap- 1987). The basalt occurs as multiple flows, each
ids Dam (RM 18.0). ranging in thickness from 10 to over 100 ft. Com-

pressional forces in the Earth's crust during and
after the emplacement of Columbia River Basalt
Ecoregions Group lavas have warped and faulted the basalt into
a series of east-northeast to east-southeast trending
For the purposes of assessing ecological condivalleys and ridges. The ridges include the Horse
tions, an ecoregion approach rather than a streamHeaven Hills, the Rattlesnake Hills, and Toppenish,
reach approach was used. The Yakima River BasirAhtanum, Umtanum, Manastash, Naneum, and
is composed of three natural divisions, or ecore- Yakima Ridges (fig. 1). Some of the lowlands
gions: Cascades, Eastern Cascades Slopes and between these basalt highlands have accumulated
Foothills (Eastern Cascades), and Columbia Basirsignificant amounts of sediment. Major sediment
(Omernik, 1987). Each of these ecoregions (showraccumulations, such as the Ellensburg Formation,
in fig. 34 on p. 111) represents a unique combina-are in structural lows of the Kittitas, Selah, Yakima,
tion of landscape features that produce a distinctiveand Toppenish sedimentary basins according to
terrestrial vegetation and climate. Large-river sitesSmith and others (1989).
in each ecoregion were combined into a separate
large-river group because fish, benthic invertebrate
and algal communities of large rivers are known to
differ substantially from those of smaller streams
(Vannote and others, 1980). This approach pro-
vided four natural ecological divisions in which to
investigate natural and human effects on water
quality and biologic_:al communities. Dominant land ment has accumulated over many parts of the
uses (forestry, agriculture, and urban) were used tOYakima River Basin
depict human-related factors that modify physical, '
chemical, and biological conditions within these A variety of unconsolidated surficial deposits
natural divisions. of Quaternary age is present on the Columbia Pla-
teau in the Yakima River Basin. These deposits
include alluvial deposits along rivers and streams,
Geologic Overview alluvial terrace deposits, loess, and deposits result-
ing from catastrophic glacial outburst floods that
inundated the lower part of the basin during the
Pleistocene Epoch (Waitt, 1985). These cata-

. : . . strophic flood deposits are present up to an altitude
The Yakima River Basin comprises parts of the of about 1,000 ft in parts of the basin,

Columbia Plateau and the Cascade geologic prov-
inces. About two-thirds of the basin, including the The remaining one-third of the Yakima River
entire southern and eastern parts, is in the Columbi@asin is located in the Cascade Range geologic
Plateau, a province that consists primarily of basaltprovince and includes parts of the western and
flows with minor interbedded and overlying sedi- northern margins of the basin. The southern part of

Basalt flows of the Columbia River Basalt
Group are overlain by, and locally interbedded
with, sedimentary deposits. The major sedimentary
unit, the Ellensburg Formation, consists chiefly of
volcaniclastic material derived from the Cascade
Range. Smith and others (1989) report that more
than 1,000 ft of coarse-grained volcaniclastic sedi-

By Marshall W. Gannett
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the Cascade Range in the basin, south of the Nachanetaserpentinite, metaperidotite, diabase, and
River, primarily consists of Tertiary volcanic rocks, gabbro (Tabor and others, 1982). Unconsolidated
which include basalt and andesite flows, flow brec-surficial deposits in the Cascade Province in the
cias, and related pyroclastic and volcaniclastic ~ Yakima River Basin include alluvium along rivers
rocks (Walsh and others, 1987). Tertiary volcanic and streams, alluvial fans, landslides, and glacial
units predominate in the middle part of the Tieton drift and outwash.

drainage, the upper part of the Rattlesnake Creek,

most of the American River, Bumping River, and

Crow Creek drainages. Older Jurassic to early Crd-and Use

taceous marine sedimentary rocks are presentin the

Cascade Range south of the Naches River, particu- major land use activities in the Yakima River
larly in the upper Tieton River drainage. These nongasin include growing and harvesting timber, graz-
volcanic rocks consist of sandstone and mudstongng on nonirrigated land, intensively irrigated agri-
with lesser conglomerate (Walsh and others, 1987)¢yityre, and urbanization (fig. 4). Intense water use
North of the Naches River, the Cascade Range o agriculture and cities makes these land use cate-
province in the Yakima River Basin is dominated gories of primary importance to water-quality

by Tertiary nonmarine sedimentary rocks, and prejsg es. population in the Yakima River Basin

Tertiary metamorphic and intrusive rocks with was about 238,000 in 1990 (Yakima Valley Confer-
small amounts of Tertiary volcanic rocks. ence of Governments, 1995).

Major sedimentary unitsinthis areainclude the e forested northern and western areas in the
Roslyn and Swauk Formations of Eocene age. They axima River Basin lie in the Wenatchee and Sno-
Roslyn Formation, which underlies a large part of o ,5imie National Forests, on the eastern slope of

the Teanaway River drainage, consists primarily of,o cascade Range. These forestlands are used for
nonmarine sandstone with a smaller amount of con:

I d thi I b d oth recreation, wildlife habitat, grazing, and timber har-
glomerate and thin coal seams (Tabor and ot ers’vesting.Aboutone-fourth of this area is wilderness

1982). The Swauk Formation, which is older than o, \yhich has been designated for nonmotorized

tt}ehRqrstn FormaRt?on, ié:og’}ted II:? the upzesr IoartErecreation. Rangelands are used for cattle grazing,
ofthe Teanaway River, Cle Elum River, and Swauk,iite habitat, and military training (at the

Cre(_ak drainages and consists primarily of NoN- " yakima Firing Center, northeast of the city of
marine sandstone and a small amount of siltstone :

Yakima).
shale, and conglomerate. The Swauk and Roslyn
Formations are separated by the Teanaway Basalt,
which consists primarily of basaltic flows, tuff, and gtreamflow Conditions
breccia.

The upper parts of the south fork of Manastash Winter rain storms and low elevation

Creek and the north and south forks of Taneum snowmelt on the east side of the Cascade Range
Creek drain areas underlain by metamorphic rocksof mountains produces seasonal runoff during

of pre-Tertiary age, including gneiss, schist, phyl- January and February. Later in the year, the melting
lite and amphibolite. These metamorphic rocks areof higher elevation snowpacks produces peak flows
surrounded and locally overlain by volcanic rocks in Apriland May. During the data collection period
and nonmarine sedimentary rocks of Tertiary age for the Yakima NAWQA study (1987-91), total
similar to those of the Swauk and Roslyn Forma- precipitation ranged from 80 to 95 percent of nor-
tions. In the far northern part of the Yakima River mal. As expected, these lower precipitation quanti-
Basin, the uppermost sections of the Cle Elum ties resulted in lower annual streamflows. The
River and the north fork of the Teanaway River annual mean streamflows for the 1987—89 water
drain an area underlain by ultramafic rocks adjacentyears were below normal, and for the 1990-91

to the Mount Stuart batholith. These ultramafic ~ water years were near normal. On the basis of
rocks include serpentinite, serpentinized peridotite historical records from the Yakima River at Kiona
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Figure 4 . Land use and land cover by subbasin in the Yakima River Basin, Washington, 1981 (U.S. Geological Survey,

1986).
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(RM 29.9)—near the terminus of the basin—the thirds of the annual streamflow at the site. In a
mean streamflow for the 1987-91 year with significant precipitation during the
water years was more similar to the typical medianwinter months, the streamflows in the winter and
streamflow year than the low streamflow year ~ snowmelt periods may be elevated in the Kittitas
(fig. 5). The notable difference between the medianvalley if the reservoirs reach their storage capacity,
streamflow year and the data collection period is thenecessitating the early release of some of the water.
lack of the large peak during the snowmelt season the Mid Valley, the percentage of annual stream-
of the data collection period. This snowmelt peak in o\ accounted for during the irrigation season was
streamflow has implications for the transport of  |o\er pecause part of the flow was diverted from
sediment and contaminants. the main stem into the irrigation canals. The snow-
Seasonal streamflow patterns at seven fixed melt season stream_f!ows bec_ame more significant
sites (see p. 20 for identification of the fixed sites) P€cause of the additional drainage area that lacks
were evident during the 1988-89 water years (tabld ©S€rvoirs to stor_e snowmelt. The Naches River, the
1). These patterns changed in each of the stream Pasin’s largest tributary, transported about one-
reaches primarily due to the presence or absence dhird of its streamflow during snowmelt and another
control dams and irrigation diversions. In the Kitti- ©ne-third during the irrigation season. This larger
tas Valley, the dominant season for high stream- part of streamflow during snowmelt was also due
flows was the irrigation season because of the largdo inputs from the American River, atributary of the
quantity of water released from irrigation reservoirs Naches River which has no control dams to dampen
for subsequent diversion to irrigation canals. For the snowmelt effects. The percentages of stream-
example, the irrigation season streamflows at the flow in the Lower Valley were more evenly distrib-
Yakima River at Cle Elum represented about two- uted among all of the seasons due to controls
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Figure 5. Comparison of monthly streamflows in the Yakima River at Kiona for the 1987—91 water years to a low-
streamflow year (1977) and to a median-streamflow year (1980), Yakima River Basin, Washington. (Classification of
the low-streamflow and median-streamflow years is based on data from the 1933—-90 water years.)
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Table 1. Summary statistics for seasonal variations in streamflow at selected sites, Yakima River Basin, Washington, 1988—89 water years

Percent of annual streamflow

Daily mean streamflow (cubic feet per second)

Yakima Post- Post-
River irrigation Winter Snowmelt Irrigation irrigation Winter Snowmelt Irrigation
Site name mile (Oct-Dec) (Jan-Mar) (Apr-May) (Jun-Sep) (Oct-Dec) (Jan-Mar) (Apr-May) (Jun-Sep)
1988 Water Year
Yakima River at Cle Elum 183.1 6.3 9.9 115 72.3 271 428 740 2,330
Yakima River at Umtanum 140.4 7.8 13.3 19.8 59.1 498 862 1,910 2,850
Naches River near North Yakima 116.3 12.0 13.9 36.0 38.1 475 555 2,140 1,130
Yakima River above Ahtanum Creek at Union Gap 107.2 121 15.3 26.2 46.4 1,070 1,360 3,480 3,080
Sulphur Creek Wasteway near Sunnyside 61 12.4 16.6 24.3 46.7 86.7 116 255 245
Yakima River near Grandview 55 22.7 28.2 22.8 26.3 1,690 2,130 2,560 1,480
Yakima River at Kiona 29.9 22.8 28.4 23.4 25.3 1,730 2,180 2,680 1,450
1989 Water Year
Yakima River at Cle Elum 183.1 9.1 9.1 19.6 62.2 523 532 1,690 2,680
Yakima River at Umtanum 140.4 11.2 13.7 25.6 49.5 929 1,160 3,200 3,100
Naches River near North Yakima 116.3 15.3 13.1 374 34.2 696 609 2,560 1,170
Yakima River above Ahtanum Creek at Union Gap 107.2 14.8 16.7 30.8 37.8 1,680 1,940 5,290 3,250
Sulphur Creek Wasteway near Sunnyside 61 12.4 10.6 31.1 46.0 103 90.0 390 288
Yakima River near Grandview 55 22.0 25.3 30.4 22.3 2,200 2,580 4,590 1,680
Yakima River at Kiona 29.9 22.1 26.2 31.0 20.7 2,150 2,600 4,560 1,520
1988-89 Water Years
Yakima River at Cle Elum 183.1 7.9 9.5 16.1 66.5 397 480 1,220 2,510
Yakima River at Umtanum 140.4 9.7 135 23.1 53.7 712 1,010 2,560 2,970
Naches River near North Yakima 116.3 13.8 13.5 36.7 36.0 585 582 2,350 1,150
Yakima River above Ahtanum Creek at Union Gap 107.2 13.6 16.0 28.8 41.6 1,380 1,650 4,390 3,170
Sulphur Creek Wasteway near Sunnyside 61 12.4 13.3 28.0 46.3 94.8 103 322 267
Yakima River near Grandview 55 22.3 26.5 27.2 24.0 1,940 2,360 3,580 1,580
Yakima River at Kiona 29.9 22.4 27.2 27.7 22.7 1,940 2,390 3,620 1,480




throughout the entire basin, ground-water seepagerized according to season. The seasons defined for

the expanded drainage area, and the diversions olise in this report arenowmelt, irrigation , post-

irrigation water. irrigation , andwinter. The irrigation season
(approximately March 15 to October 15) and snow-
melt season, however, are not mutually exclusive.

STUDY DESCRIPTION Snowmelt generally is a major contributor to
streamflow during April and May; consequently,
The data collection period for the Yakima the snowmelt part of the irrigation season is consid-

NAWQA study was from August 1986 through ered separately. As a result, the snowmelt season is
November 1991 and included several different  defined as April and May, the irrigation season as
constituents (physical parameters of pH, dissolvedlune through September, the nonirrigation season
oxygen, water temperature, and specific conduc- as October through December, and the winter sea-
tance, nutrients, organic compounds, major and son as January through March.

trace elements, fecal indicator bacteria, and radio-

nuclides) and media (streambed sediment, sus- Monthly and annual mean daily loads were cal-
pended sediment, filtered and unfiltered water, andculated using a regression model that assumes a lin-
aquatic biota). Detailed descriptions of the field and ear relationship between the natural logarithm of
ana-lytical methods and interpretations of the concentration (log C) and the natural logarithm of
results are contained in several USGS reports (tablétreamflow (log Q). The model was created using
2). These data were obtained during synoptic sur-the ESTIMATOR program, version 94.06 (Cohn,
veys and scheduled fixed site samplings. Most of Caulder, and others, 1992). The ESTIMATOR pro-
the data were collected durisgnoptic surveys gram regresses log C against log Q and the sine and
These synoptic surveys were made over a short cosine of time (in decimal years, adjusted by fr
period (1 to 2 weeks) and provided a broad spatiala yearly cycle) and generates equations for calculat-
coverage for the occurrence and distribution of  ing monthly and annual mean daily load estimates.
concentrations. To the extent possible, synoptic Monthly mean daily loads are the mean of the indi-
data were collected during periods of relatively  vidual daily mean loads for each month and annual
steady streamflows. mean daily loads are the mean of the individual

Seven sites were establishediasd sites daily mean loads for each year.

(table 3) and were sampled monthly (March 1987—  The ESTIMATOR program uses a minimum
March 1990) and during hydrologic events, such asariance unbiased estimator (Cohn and others,
snowmelt and winter rainstorms (the abbreviated 1989), which reduces the bias introduced when
site names given in table 3 will be used throughouty,5nsforming load estimates from a log-regression
the remainder of this report). Five of the seven fixed g ation (log space) back into arithmetic units (real
sites were on the main stem of the Yakima River, g5.6y The program also incorporates an adjusted
one site was located at the mouth of the Naches 1\, yimm likelihood estimator (Cohn, Gilroy, and
River—a major tributary, and the other site was Baier, 1992) to deal with censored data values, val-
located at the mOl_Jth of S_UIphu_r Cr_eek Waste- ues that are below a specific “detection limit.” The
way—a major drain carrying irrigation return flow ESTIMATOR program is ideal for use in hydro-
?E)gic studies, because water-quality data generally
show a log C-log Q relationship and commonly
Yakima River Basin. The monthly and event Sam_pon'_taln censor.ed data. The .ESTIMATOR program

: : is widely used in the USGS, including about 50 cur-
pling frequency generally provided the temporal rent NAWOA studies. It is also used by the Mary-
coverage necessary to describe seasonal variatiorlleslhOI Department of tr.1e Environment on its Chesa-

To characterize temporal variations for constit-peake Bay projects and by the U.S. Army Corps of

uent concentrations and loads, the data were categ&ngineers.

tematic downstream order to approximate the
movement of surface water passing through the
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Table 2. Publications produced by the 1987-91 National Water-Quality Assessment study of the Yakima River Basin,
Washington

[Publications are listed in chronological order by their publication date]

U.S. Geological Survey Reports

McKenzie, S.W., and Rinella, J.F., 1987, Surface-water-quality assessment of the Yakima River Basin, Washington—Project
description: U.S. Geological Survey Open-File Report 87—238, 35 p.

McKenzie, S.W., and Curtiss, D.A., 1989, Surface-water-quality assessment of the Yakima River Basin, Washington—A pilot
study: U.S. Geological Survey Open-File Report 89-60 [pamphlet].

Embrey, S.S., 1992, Surface-water-quality assessment of the Yakima River Basin, Washington—Areal distribution of fecal-
indicator bacteria, July 1988: U.S. Geological Survey Open-File Report 91-4073, 34 p.

Rinella, J.F., McKenzie, S.W., Crawford, J.K., Foreman, W.T., Gates, P.M., Fuhrer, G.J., and Janet, M.L., 1992, Surface-water-
quality assessment of the Yakima River Basin, Washington—Pesticide and other trace-organic-compound data for water,
sediment, soil, and aquatic biota, 1987-91: U.S. Geological Survey Open-File Report 92—-644, 154 p.

Rinella, J.F., McKenzie, S.W., and Fuhrer, G.J., 1992a, Executive summary, Surface-water-quality assessment of the Yakima River
Basin, Washington—Analysis of available water-quality data through 1985 water year: U.S. Geological Survey Open-File
Report 91-454, 15 p.

Rinella, J.F., McKenzie, S.W., and Fuhrer, G.J., 1992b, Surface-water-quality assessment of the Yakima River Basin,
Washington—Analysis of available water-quality data through 1985 water year: U.S. Geological Survey Open-File Report
91-453, 244 p.

Ryder, J.L., Sanzolone, R.F., Fuhrer, G.J., and Mosier, E.L., 1992, Surface-water-quality assessment of the Yakima River Basin in
Washington—Chemical analyses of major, minor, and trace elements in fine-grained streambed sediment: U.S. Geological
Survey Open-File Report 92-520, 60 p.

Rinella, J.F., Hamilton, P.A., and McKenzie, S.W., 1993, Persistence of the DDT pesticide in the Yakima River Basin,
Washington—U.S. Geological Circular 1090, 24 p.

Fuhrer, G.J., Fluter, S.L., McKenzie, S.W., Rinella, J. F., Crawford, J. K., Cain, D. J., Hornberger, M.1., Bridges, Skachnd
K.A., 1994, Surface-water-quality assessment of the Yakima River Basin in Washington—Trace element data for water,
sediment, and aquatic biota, 1987-91: U.S. Geological Survey Open-File Report 94-308, 223 p.

Fuhrer, G.J., McKenzie, S.W., Rinella, J.F., Sanzolone, R. F., and Skach, K.A., 1994, Surface-water-quality assessment of the
Yakima River Basin in Washington—Analysis of major and minor elements in fine-grained streambed sedimemijth@87,
section onGeology, by Marshall W. Gannett.: U.S. Geological Survey Open-File Report 93-30, 226 p.

Cuffney, T.F., Meador, M.R., Porter, S.D., and Gurtz, M.E., 1997, Distribution of fish, benthic invertebrate, and algal communities
in relation to physical and chemical conditions, Yakima River Basin, Washington, 1990: U.S. Geological Survey Water-
Resources Investigations Report 96—4280, 94 p.

Fuhrer, G.J., Cain, D.J., McKenzie, S.W., Rinella, J.F., Crawford, J.K., Skach, K.A., and Hornberger, M.1., 1998, Surface-water
quality assessment of the Yakima River Basin in Washington—Spatial and temporal distribution of trace elements in water,
sediment, and aquatic biota, 1987-91: U.S. Geological Survey Water-Supply Paper 2354-A, 190 p. [published previously as
U.S. Geological Survey Open-File Report 95-440].

Rinella, J.F., McKenzie, S.W., Crawford, J.K., Foreman, W.T., Fuhrer, G.J., and Morace, J.L., 1999, Surface-water-quality
assessment of the Yakima River Basin, Washington—Distribution of pesticides and other organic compounds in water,
sediment, and aquatic biota, 1987-91: U.S. Geological Survey Water Supply Paper 2354-B.

Morace, J.L., Fuhrer, G.J., Rinella, J.F., McKenzie, S.W., and others, 1999, Surface-water-quality assessment of the Yakima River
Basin, Washington—Overview of major findings: U.S. Geological Survey Water-Resources Investigations Report 98-4113,
119 p.
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Table 2. Publications produced by the 1987-91 National Water-Quality Assessment study of the Yakima River Basin,
Washington—Continued

Journal Articles

Pankow, J.F., and McKenzie, S.W., 1991, Parameterizing the equilibrium distribution of chemicals between the dissolved, solid
particulate matter, and colloidal matter compartments in agqueous systems: Environmental Science & Technology, v. 25, p.
2046-2053.

Foster, G.D., Gates, P.M., Foreman, W.T., McKenzie, S.W., and Rinella, F.A., 1993, Determination of dissolved-phase pesticides
in surface water from the Yakima River basin, Washington, using the Goulden large-sample extractor and gas
chromatography/mass spectrometry: Environmental Science and Technology, v. 27, p. 1911-1917.

Leland, H.V., 1995, Distribution of phytobenthos in the Yakima River basin, Washington, in relation to geology, land use, and
other environmental factors: Canadian Journal of Fisheries and Aquatic Sciences, v. 52, p. 1108-1129.

Carter, J.L., Fend, S.V., and Kennelly, S.S., 1996, The relationships among three habitat scales and stream benthie invertebrat
community structure: Freshwater Biology, v. 35, p. 281-299.

Carter, J.L., Fend, S.V., and Kennelly, S.S., 1996, The relationships among three habitat scales and stream benthie invertebrat
community structure: Freshwater Biology, v. 35, p. 281-299.

Foreman, W.T., and Gates, P.M., 1997, Matrix-enhanced degradapgei-BDT during gas chromatographic analysis—A
consideration: Environmental Science and Technology, v. 31, p. 905-910.

Chapter in a book

Fuhrer, G.J., McKenzie, S.W., Rinella, J.F., and Skach, K.A., 1997, Effect of geology and human activities on the distribution
trace elements in water, sediment, and aquatic biota, Yakima River Basin, Washington (1987 to 1991),ioHagerieh, A,
and Dunnette, D.A., eds., River Quality—Dynamics and Restoration: New York, Lewis Publishers, p. 187—-204.

Pamphlet

Washington Department of Health, 1993, DDT in bottom fish from the Yakima River: Washington Department of Health, Office of
Toxic Substances [pamphlet].

Table 3. Fixed sites sampled during the Yakima National Water-Quality Assessment Study, Yakima River Basin,
Washington, 1987-91 water years

[RM, river mile; latitude/longitude is reported in degregsfinutes (') seconds (”); sites may be referred to by their abbreviated name in this
report; the station number can be used for computer retrieval of data from either the U.S. Geological Survey’s WATer SITREaGevah
system (WATSTORE) or U.S. Environmental Protection Agency’s STOrage and RETrieval system (STORET)]

Yakima _ Ab_breviated Station Latitude/longitude

RM Site name site name number

183.1  Yakima River at Cle Elum Cle Elum 12479500 °M1735"/120°56'55"

140.4  Yakima River at Umtanum Umtanum 12484500 °54646"/120°28'44”

116.3  Naches River near North Yakima Naches 12499000°34482"/12(°31'10”

107.2  Yakima River above Ahtanum Creek at Union Gap Union Gap 1250045032'a46'/12(°27°58"
61 Sulphur Creek Wasteway near Sunnyside Sulphur Creek  12508850.5'083/120°01°'07”
55 Yakima River at Euclid Bridge at RM 55 near Grandview  Grandview 1250905013'06"/11955’00”
29.9  Yakima River at Kiona Kiona 12510500 °46'13"/11928'37"
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WATER-QUALITY CONDITIONS Creek was likely affected by subsurface drainage
from surrounding agricultural activities. Although
_ these measurements were influenced by ground
Dissolved Oxygen, Water Temperature, and water, which was expected to have less oxygen than
pH surface water, these sites have some effect on the

surface waters.
By Jennifer L. Morace _ _
When comparing the DO data collected during

_ the 1986-91 WY (water years) to the State
Dissolved Oxygen standards, all of the failures occurred in Class A
streams. Only 9 percent of the determinations, but
30 percent of the sites, failed to exceed 8.0 mg/L
?table 5). Besides the sites listed in table 4, nine
other sites also had failures—five drains, two main
stem sites (the Union Gap and Kiona fixed sites),
the Naches River fixed site, and Simcoe Creek

In order to maintain the health of aquatic com-
munities, the State of Washington classifies stream
in part on the basis of required dissolved oxygen
(DO) concentrations. Most of the streams in the
Yakima River Basin are designated by the Wash-

?”gt‘;’.‘ ﬁdrrg)inishtrﬁtive Co(;jeS (01992/) as C(::I?SS A, below Spring Creek. These exceedances occurred
in which DO shall exceed 8.0 mg/L. In ~1ass A,A during June-October, mostly during the morning.
streams (headwater streams and the Tieton River),

DO shall exceed 9.5 mg/L. Sulphur Creek Waste-
way is the only stream in the basin designated as Water Temperature

Class B, where the DO shall exceed 6.5 mg/L. _ _
The main factors controlling stream

During July 14-19, 1987, a synoptic sampling temperature are air temperature, solar radiation,
was performed in which ms_tantaneous DO, water humidity, wind velocity, rate of vertical mixing,
temperature, and barometric pressure were  (ime of travel, and temperature of inflowing water.
measured before or near sunrise to target Mini-  Because the upper Yakima River originates from
mum DO concentrations (table 4). Of the 39 Sites o cascade Range, the initial stream temperature is
sampled, nearly one-half failed to meet the State cold; however, it warms as it flows to the lower
standards for DO. Most of these failures were basin. The maximum temperature standards for
measured in the Lower Valley, where the effects OfCIass AA and B streams are“IB(degrees Celsius)
agricultural return flow, urban runoff, and point and 22C, respectively (Washington Administra-
source discharges were noticeable. Of particular tive Codé, 1992). The general statewide standard

interest were the fallures in the Granger/SunnyS|de]cor Class A streams is 18, however, the Class A
area, an area largely influenced by the large

. . . . streams in the Yakima River Basin (from the
numbers of confined animal feeding operations . )
(feedlots). The higher bacteria concentrations in confluence with the Cle Elum River atRM 185.610

feedlot waste result in increased oxygen consump'Ehe m_outh) have a _spec!al standard g(21The

tion due to the respiration involved in the break- Washington Administrative Code states that stream
down of the organic waste and nitrification of ~ eMPeratures are not to exceed the maximums due
ammonia. This spatial pattern was similar to the {0 human activities. When stream temperatures
pattern noted previously in the Yakima River Basin exceed the standards und_er natural conditions,
(Rinella, McKenzie, and Fuhrer, 1992b)—DO however, no temperature increase greater than

concentrations at sites upstream from Granger ~ 0-3°C is allowed.

(RM 82.7) were generally higher than at Twelve percent of the 1,152 water temperature
downstream sites. This, in part, was a function of yeasurements from 192 sites during the 1986—
cooler water temperatures at the upstream sites. g1 \wy exceeded the State standards (table 5). This
There were also failures to meet the standard inpercentage is about twice as much as previously
the Kittitas Valley. The lower DO measured in published for the Yakima River Basin (Rinella,
Wilson Creek at Thrall was most likely attributable McKenzie, and Fuhrer, 1992b), although the data
to farming and livestock influences. Water in thetile set from this study is also much smaller. About
drain to Caribou Creek and spring near Caribou 91 percent of the water temperature measurements
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Table 4. Dissolved oxygen concentrations and related measures, Yakima River Basin, Washington, July 14-19, 1987
[All sites shown are Class A streams, except Sulphur Creek Wasteway near Sunnyside, which is Class B; DID, Drainage Inipistiem8iP, sewage treatment plant; shaded rows indicate those
sites which failed to meet the dissolved oxygen standard (Washington Administrative Code, 1992)]

Dissolved oxygen Water temperature Barometric pressure

e

Site name Station number Date Time (milligrams per liter) (degrees Celsius) (millimeters of Hg)
Kittitas Valley
Yakima River at Cle Elum 12479500 07-14-87 0645 9.1 131 711
Teanaway River below Forks near Cle Elum 12480000 07-14-87 0750 9.2 14.5 705
Naneum Creek near Ellensburg 12483800 07-14-87 0547 9.1 14.6 697
Wilson Creek above Cherry Creek at Thrall 12484100 07-15-87 0630 7.0 14.3 722
Park Creek at Clemens Road at Kittitas 12484225 07-14-87 0625 8.4 15.6 716
Tile Drain to Caribou Creek near Kittitas 12484250 07-14-87 1520 5.4 13.0 708
Spring near Caribou Creek near Kittitas 47021812022290( 07-14-87 1440 7.9 13.0 708
Badger Creek at Badger Pocket Road and 4th Parallel Road 12484460 07-14-87 0605 8.5 131 717
Cherry Creek at Thrall 12484480 07-15-87 0600 9.9 11.7 722
Mid Valley
Yakima River at Umtanum 12484500 07-15-87 0630 9.2 16.1 720
Yakima River above canal diversion at river mile 128 at Roza Da 12484950 07-15-87 0640 8.0 17.3 726
Naches River at Naches 12494400 07-14-87 0730 9.6 13.3 723
Naches River near North Yakima 12499000 07-15-87 0635 9.2 154 729
Moxee Drain at Thorp Road near Union Gap 12500430 07-16-87 0540 8.1 15.3 732
Wide Hollow Creek at mouth at Union Gap 12500445 07-16-87 0740 8.1 125 736
Lower Valley

Yakima River above Ahtanum Creek at Union Gap 12500450 07-16-87 0630 8.6 15.6 732
Ahtanum Creek at Union Gap 12502500 07-16-87 0655 7.8 14.6 735
Yakima River near Parker 12505000 07-16-87 1000 9.1 15.8 736
Yakima River at river mile 91 at Zillah 12505320 07-17-87 0700 7.6 17.0 735
Granger Drain at mouth at Granger 12505460 07-17-87 0610 8.2 14.3 742
Yakima River at Highway 223 Bridge above Marion Drain 12505465 07-17-87 0630 7.2 16.2 742
Unnamed drain at Branch Road at Yethonat near Wapato 12505475 07-18-87 0616 6.2 15.2 738
Wanity Slough at Meyers Road 12505482 07-18-87 0550 7.0 14.3 735
Marion Drain at Indian Church Road at Granger 12505510 07-18-87 0600 6.4 14.6 735
Toppenish Creek at Indian Church Road near Granger 12507508 07-17-87 0641 6.5 15.3 734
Satus Creek below Dry Creek near Toppenish 12508500 07-17-87 0715 7.8 17.1 730
Satus Creek at gage at Satus 12508620 07-18-87 0620 7.1 14.6 734
Yakima River below Satus Creek at river mile 68 near Satus 12508625 07-17-87 0730 8.0 19.6 738
DID 3 drain below STP at Midvale Road at Sunnyside 12508838 07-17-87 0645 7.5 16.2 736
Sulphur Creek Wasteway near Sunnyside 12508850 07-17-87 0620 8.1 16.6 738
Yakima River at Mabton 12508990 07-17-87 0612 7.6 20.1 738
Yakima River at Euclid Bridge at river mile 55 near Grandview 12509050 07-18-87 0536 7.7 17.9 739
Yakima River at Prosser 12509489 07-18-87 0700 8.1 18.5 739
Yakima River near Bunn Road at Prosser 12509682 07-18-87 0530 8.2 17.3 741
Yakima River near Hosko Road 12509850 07-18-87 0700 9.0 16.7 741
Yakima River above Chandler Pump at river mile 35.9 near Whitstran 12509900 07-18-87 0622 9.0 16.3 741
Yakima River at Kiona 12510500 07-19-87 0650 8.3 18.0 748
Yakima River above Horn Rapids Dam near Richland 12510950 07-19-87 0650 8.3 18.0 748
Yakima River at Van Geisen Bridge near Richland 12511800 07-19-87 0630 7.5 18.7 751




Table 5. Comparison of dissolved oxygen, water temperature, and pH values to Washington State standards, Yakima
River Basin, Washington, 1986—91 water years
[mg/L, milligrams per liter?C, degrees Celsius]

Determinations Sites
Washington Number not Percent not Total number Number not Percent not

Stream State Total number of meeting meeting of sites meeting meeting

class standard 1 | determinations standard standard sampled standard standard

Dissolved Oxygen Concentration
AA 9.5 mg/L 1 0 0 1 0 0
A 8.0 mg/L 317 30 9 82 25 30
B 6.5 mg/L 16 0 0 1 0 0
Water Temperature
AA 16°C 23 6 26 12 5 42
A 21°C 1,049 134 13 179 67 37
B 21°C 80 4 5 1 1 100
pH

AA 6.5-8.5 16 0 0 7 0 0
A 6.5-8.5 769 87 11 135 37 27
B 6.5-8.5 71 7 9 1 1 100

Iwashington Administrative Code, 1992

were made at Class A streams, 7 percent at Class Bower Valley (23.2C) than in the Kittitas (21.7C)
streams, and 2 percent at Class AA streams. Thesand Mid (22.0C) Valleys. This spatial pattern of
measurements were above standards for 26 percetiémperatures increasing downstream was similar to
of the measurements at Class AA streams, 13 perthat observed in the main stem from 1986-91 WY
cent at Class A streams, and 5 percent at Class B (fig. 7) and in data previously published for the main
streams (table 5). If these exceedances resulted frorstem Yakima River (Rinella, McKenzie, and Fuhrer,
human activities, then they would be considered vio-1992b). Median water temperatures were lowest up-
lations of the State standards. stream from Parker (RM 104.6), where the mean

All exceedances at the Class AA and B streamsbase altitude is hlg'\?er,hre?urlltlng in coolﬁr air andfwr?-
occurred during July and August, whereas those atte" temperatures. Much ot the summer heating of the

Class A sites occurred during the June-September [V€r water was associated with (1) low flows down-
period. All but four of the Class A exceedances ~ Stream from the Wapato (RM 106.7) and Sunnyside

were measured during the 1986 or 1988 WY. This (RM 103.8) Canal diversions, (2) slow stream veloc-
seasonal pattern of exceedances fits with the patterriies due to a small stream gradient between RM 69.6
observed at the fixed sites from 1986-91 WY (fig. 6) and 47.1, and (3) low flows between Prosser Dam
and those previously published for the Yakima River (RM 47.1) and Chandler Pumping and Power Plant
Basin (Rinella, McKenzie, and Fuhrer, 1992b). As (RM 35.8).

a note of interest, when the instantaneous water

temperature measurements at Sulphur Creek Wasiﬁ;|

way were compared to the corresponding daily

temperature values (the mean of 24 hourly measure- e pH of a solution is a measure of the hydro-

ments) recorded by a monitor from April 1987 gen ion activity and ranges from O (very acidic) to 14
to April 1990, the measurements were in good  yery glkaline), with a pH of 7 indicating a neutral
agreement. solution. The pH in a stream may change by an in-

Eighty percent of the 134 Class A exceedancedlux of either acidic or alkaline wastes and (or)
were in the Lower Valley and included mostly main fluctuations in photosynthesis and respiration (due to
stem, tributary, canal, and drain sites. The median the uptake and release of carbon dioxide by aquatic
exceedance temperatures also were higher in the plants). Toxicity to freshwater aquatic life can
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Figure 6 . Monthly distribution of instantaneous water temperature at fixed sites, Yakima River Basin, Washington,
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Code, 1992])
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Figure 7 . Statistical distribution of water temperature measurements in the Yakima River, Washington, 198691
water years. (Washington State temperature standard is 21 degrees Celsius [Washington Administrative Code, 1992].)

occur whenever pH values fall outside the range 0f91 WY, however, this pattern was not as apparent
6.5 to 8.5, which corresponds to the water-quality (fig. 8). This may be explained by the uneven
standards set by the Washington Administrative monthly distribution of the data.

Code (1992) for Class AA, A, and B streams.
Aquatic life is indirectly affected by the ability of
pH to influence the dissociation of weak acids and
bases. As pH increases (more alkaline), for
instance, the ammonium ion is dissociated to the
toxic unionized ammonia form.
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Eleven percent of the 856 pH measurements
from 143 sites sampled during the 1986-91 WY did
not meet the water-quality standard (table 5). This
percentage was higher than data published previ-
ously for the Yakima River Basin (3 percent)
(Rinella, McKenzie, and Fuhrer, 1992b), although
the data set from this study was also only one-tenth a2 27 61 H 31
the size of the previous data set. Ninety-seven per= oL O [] []
cent of these exceedances had pH values greater FMAl MJONTJH AS OND
than 8.5. Most exceedances were measured during
the afternoon and probably were the result of Figure 8 .Statistical distribution of pH values not
increased photosyntheic actiiy flom aquatic  TE2ilg Wiy Sete sandace (ess e 05 o
plants. Previously, it had been noted that more of month, 1986-91 water years. (Reference for State
the exceedances occurred in the summer (Rinella, standards is Washington Administrative Code, 1992.
McKenzie, and Fuhrer, 1992b). During the 1986— Number of measurements is shown above the bar.)
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Median pH values down the main stem rangedwinter of the 1990 WY and also coincided with
from 7.7 at Cle Elum to 8.4 at Van Geisen Bridge the latter one-half of winter storms (increases in
(fig. 9). The reduced streamflows caused by the streamflow). Because the pH of rain water in
Sunnyside and Wapato diversions increased the the Western United States is around 5.5 (Rinella
streambed surface area to water volume ratio, andand Miller, 1988) and the headwaters of the
thus enabled stream productivity due to periphyticbasin are relatively pure (pH values less than 7),
growth to increase the daytime stream pH in the the flush of these lower pH waters during winter
reach from Union Gap to Granger. Downstream Storms would be expected to lower the pH at the
from Satus (RM 68), all median pH values were Cle Elum site.
greater than 8, probably due to the influence of agri-

cultural inputs, irrigation diversions, and aquatic  syspended Sediment and Turbidity
vegetation in this reach.

The pH values at Kiona ranged from 7.4 to By Karen L. Bramblett and Gregory J. Fuhrer

8.9, thus exceeding the standard at the upper end An increase in sediment load or concentration
(fig. 9). At Cle Elum, however, pH values ranged may indicate a land use activity that can adversely
from 6.3 to 8.1 with exceedances on the lower  affect water quality and biological integrity. Large
end of the standard range. The value of 6.3 was increases in the quantity of sediment delivered to
the only exceedance at Cle Elum, but 4 of the 46 streams as a result of overland runoff and channel
pH determinations were below 7. Three of these erosion can greatly impair or eliminate habitat for
four low pH values were measured during the aquatic life. Additionally, the transport and fate of
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Figure 9. Statistical distribution of pH measurements in the main stem, Yakima River Basin, Washington, 1986-91
water years. (Measurements of pH must be greater than 6.5 and less than 8.5 to meet Washington State pH
standards for Class AA, A, or B streams [Washington Administrative Code, 1992]. See table 3 for full fixed site
names. Number of measurements is in parentheses after the site name.)
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many constituents, including nutrients, organic  as low gradient with high organic carbon, silty soils
compounds, trace elements, and fecal indicator to the west, and high gradient with low organic
bacteria, is associated with suspended sediment. carbon, sandy soils to the east. The median sus-
Increases in suspended sediment concentration pended sediment concentrations during the
often cause increases in turbidity, a measurementJuly 1988 synoptic sampling for the west and east
formulated on the refractory characteristics of sus-side tributaries were 8 and 138 mg/L, respectively
pended material. Even small increases in turbidity (table 6). Within each of these drainages, however,
can affect the drinking water treatment process the specific crops and the methods of tillage and
by providing areas where microorganisms may irrigation are important factors controlling sus-
not come in contact with chlorine disinfectants.  pended sediment concentrations and turbidity lev-
Turbidity also impedes biological primary produc- els. For example, a hop field with frequent
tivity by reducing light penetration and in turn can cultivation and ridge and furrow irrigation would
adversely affect upper aquatic trophic levels. have a much higher rate of erosion than a hop field
with underground drip irrigation or an apple
orchard with grass undercover and sprinkler irriga-
tions (Bob Stevens, Washington State University
Suspended sediment concentrations and turbidsoil scientist, oral commun., March 3, 1998).
ity are affected by land use in the Yakima River . .
Basin. Temporal or seasonal effects also are impor- Ranggland was likely an important land use cat-
tant for defining land use influences on water qual€9°TY during periods of rainfall and runoff. During
ity. For example, spring snowmelt on forest and the summer, however, the contrlbu_tlon to stream-
rangeland, periods of winter storms on land of all flow from rangeland was small, and in terms of land

uses, and summer irrigation on agricultural land cant!Se: its effecton water quality was insignificant; the
alter the effect of their associated runoff on water S2me was true for the urban areas. Main stem sites
quality. To help understand the relations between &/S0 were sampled during the July 1988 synoptic
land use and water quality, synoptic data were colS@mpling and, like the tributaries, had suspended
lected during the summer irrigation season (July Sediment concentrations that increased as the per-
26-29, 1988). Rather than make land use assign- centage of streamflow attributable to agricultural
ments on the basis of land use near the sampling areas increased (fig. 10). Downstream from Union
site, the predominant sources of water for each sit€Gap, the percentage of streamflow from forested
were estimated on the basis of the land and waterareas decreased from more than 80 percent to less
use of the basin upstream from the sampling loca-than 30 percent. In contrast, the percentage of
tion according to the following categories: forest, streamflow from agricultural areas increased from
agriculture, rangeland, and urban. less than 10 percent to more than 70 percent. In the
Lower Valley, the single greatest source of sus-
np_ended sediment during the synoptic period was
from agricultural areas.

Land Use and Land Type Effects

Although forested and agricultural classifica-
tions represented a large percentage of the strea
flow, the associated suspended sediment concen-
trations and turbidity varied greatly among sites
(table 6). Tributaries with streamflows predomi-  gpaial Distribution
nantly composed of agricultural runoff generally
had the highest suspended sediment concentrations, |n the Yakima River, suspended sediment
with a median suspended sediment concentration o¢oncentrations and turbidity increased in a down-
27 mg/L, and ranging from 3 mg/L in Ahtanum  stream direction, coinciding with increased runoff
Creek at Union Gap to 565 mg/L in Moxee Drain at from agricultural areas. For the 1987-91 WY, the
Thorp Road._ In contrast, tributaries with stream- | edian concentrations of suspended sediment in
flow predominantly composed of forested runoff e main stem fixed sites ranged from 3 to 28 mg/L
had the lowest concentrations, with a median of (i 11). In the Kittitas Valley, the median concen-
4 mg/L and ranging from <1 mg/L t0 10 mg/L.  {r5tion of suspended sediment at Cle Elum (a fixed

In the Mid and Lower Valleys, the drainages site [site B] unaffected by agricultural areas) was
to the Yakima River can generally be described 3 mg/L. Cherry Creek (site C), an agriculturally
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Table 6. Streamflow, suspended sediment concentration, and turbidity in tributaries having predominantly forested

and agricultural sources of water, Yakima River Basin, Washington, July 26-29, 1988

[If more than one sample was collected at a site, the median concentration is shown here; sites in the Mid and Lower Valleys were classified as east
or west side tributaries on the basis of which side of the Yakima River the drainage was located; *, not applicablers Segsdater than; --,

not determined]

Suspended
Streamflow sediment
Yakima East or (cubic concentration Turbidity
River west side feet per (milligrams (nephelometric
mile Site name tributary second) per liter) turbidity units)
Predominantly Forested Sources
176.1  Teanaway River below Forks near Cle Elum * 37 <1 0.4
1545  South Fork Manastash Creek near Ellensburg * 15 5 4.2
147.0  Naneum Creek near Ellensburg * 13 4 34
147.0  Wilson Creek above Cherry Creek at Thrall * 83 10 7.6
116.3  Naches River near North Yakima West 355 4 2.8
Predominantly Agricultural Sources
147.0  Cherry Creek at Thrall * 127 82 37
107.4  Wide Hollow Creek near mouth at Union Gap West 26 8 2.7
107.3  Moxee Drain at Thorp Road near Union Gap East 76 565 150
106.9  Ahtanum Creek at Union Gap West 7 3 3.0
86.0 E Toppenish Drain at Wilson Road near Toppenish West 30 20 9.4
83.2  Sub-Drain Number 35 at Parton Road near Granger West 34 7 8.0
82.8  Granger Drain at mouth near Granger East 49 428 >100
82.5  Marion Drain at Indian Church Road near Granger West 39 7 6.2
80.4  Toppenish Creek at Indian Church Road near Granger  West 54 13 >10
69.6  Satus Creek at gage at Satus West 84 21 14
61.0 Drainage Improvement District (DID) Number 3 East 26 356 >100
61.0  Sulphur Creek Wasteway near Sunnyside East 159 113 -
41.8  Spring Creek at mouth at Whitstran East 24 138 33
41.0  Snipes Creek at mouth at Whitstran East 24 136 >100
33.5  Corral Canyon Creek at mouth near Benton East 16 27 3.6

affected tributary in the Kittitas Valley near Ellens- and O, respectively, in fig. 11). The suspended sed-
burg, had suspended sediment concentrations thaiment concentration at Grandview reflects local

ranged from 25 to 1,020 mg/L during the 1988—
89 WY.

The effect of agricultural lands on suspended

runoff from several agriculturally affected drains,
including the basin’s largest agricultural drain,
Sulphur Creek Wasteway (site M), in which values
ranged from 7 to 909 mg/L.

sediment and turbidity was most pronounced in the

tributaries and main stem of the Mid and Lower

The suspended sediment and turbidity data

Valley. The main stem received runoff from several collected during the 1987-91 WY fixed site sam-

agriculturally affected tributaries including Wide
Hollow Creek and Moxee Drain. When sampled
during the 1988-89 WY, Moxee Drain at Thorp
Road (site H) had suspended sediment concen-
trations that ranged from 47 to 613 mg/L, which
were among the highest in the basin. In the main

pling period were generally within 20 percent of
the historical data reported by Rinella, McKenzie,
and Fuhrer (1992b) for the 1974-81 WY. For
example, the median suspended sediment
concentration measured at Kiona was 26 mg/L
historically and 25 mg/L for the NAWQA study.

stem of the Lower Valley, the median suspended Median suspended sediment concentrations at the
sediment concentrations increased from 20 mg/L afyakima River at Umtanum (site D) and Sulphur
Union Gap to 28 mg/L at Grandview and 25 mg/L Creek Wasteway (17 and 103 mg/L, respectively)
at Kiona, near the terminus of the basin (sites |, Nwere twice those measured historically (8 and
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Figure 10 .Associations between suspended sediment concentrations and estimated sources of water in the
Yakima River, Washington, July 26—29, 1988. (See table 3 for full site names.)

45 mg/L, respectively). These differences cannot because it is a time of intense irrigation that may
be attributed to differences in streamflow among result in the erosional loss of agricultural soils to
water years—streamflows for the 1987-91 WY  surface waters. Similar to the fixed site data, the
were slightly smaller than the median streamflow Synoptic data showed that the h|ghest Suspended
for.the historical periOd. Differences between his- sediment concentrations were measured in the agri_
torical and 1987-91 WY data may have resulted cyjtyral areas of the Mid and Lower Valley, partic-
from increases in erosion in the Kittitas Valley and ularly in the tributaries of the Moxee Subbasin

the Sulphur Creek drainage. Additionally, differ- nd the Roza and Sunnyside Irrigation Districts

ences between periods may have resulted from dit;. . L
. . . fig. 12). The suspended sediment concentration in
ferences in sampling techniques for water samples

Historically, water samples from other agencies Moxee Drain at Thorp Road, for example, reached

were grab samples collected near the water's & Maximum of 613 mg/L. In contrast, suspended
surface at one point in the stream’s cross section. sediment concentrations in the west side tributaries

The 1987-91 WY samples, however, were depth Were low. The influence of the east side tributaries

and width integrated samples collected at 10 point§" the main stem was the most pronounced just
in the cross section. Grab sampling techniques ~ downstream from Granger Drain. The median sus-

like those used historically may have been biased pended sediment concentration for the entire main
by not proportionally integrating larger grain-sized stem was 21 mg/L, however, the concentration at
suspended sediment. the Highway 223 Bridge near Granger was at a
During the July 26-29, 1988, synoptic sam- Maximum of 70 mg/L. This spike in concentration
pling, samples were analyzed for suspended sedi-esulted from the Granger Drain input (421 mg/L)

ment and turbidity at 13 main stem sites and just 0.3 miles upstream from the Highway 223
36 tributary sites. The summer period was selectedBridge site (fig. 12). Farther downstream, much
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10th and 90th percentiles

90th percentile
75th percentile
Median

25th percentile
10th percentile

Shaded boxes and symbols
represent main stem sites,
whereas unshaded boxes
and symbols represent
tributary sites.

SAMPLING SITES:

A = Cle Elum River above Cle
Elum Lake

1 B = Yakima River at Cle Elum

C = Cherry Creek at Thrall
D = Yakima River at Umtanu m

E = Naches River near North
Yakima

F= Wide Hollow Creek near
mouth

G= Moxee Drain at Birchfield
Road

H= Moxee Drain at Thorp Road

| = Yakima River above
Ahtanum Creek at Union
Gap

J = Granger Drain at Granger

K = Granger Drains at mouth

L = Toppenish Creek at Indian
Church Road

M = Sulphur Creek Wasteway
near Sunnyside

N = Yakima River at river
mile 55 near Grandview

| O =Yakima River at Kiona

P = Satus Creek below Dry
Creek near Toppenish

Q = Satus Creek at gage at
Satus

Figure 11 . Statistical distribution of suspended sediment concentrations and turbidity measurements, Yakima River
Basin, Washington, 1987-91 water years. (Only sites with more than 5 samples are shown. Fixed sites are shown in
bold print. To avoid statistical bias, only the mean concentration for each day at each site was included. Suspended
sediment concentrations lower than the limit of determination [1.0 milligrams per liter] were treated as 0.5 milligrams

per liter.)
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2 Umtanum 19 223 Bridge below Granger
3 Naches 5 Drain
4 Union Gap 20 8 Sulphur Creek 173
5 Moxee Drain at Thorp Road 613 9 Grandview 29
6 Granger Drain at mouth 460 10 Kiona 24

Figure 12 . Statistical distribution of suspended sediment concentrations, Yakima River Basin, Washington, July 26-29,
1988. (Symbol sizes are proportional to suspended sediment concentrations; mg/L, milligrams per liter. See table 3 for full
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of the suspended sediment had settled out and
the main stem concentrations generally ranged
from 20 to 30 mg/L.

Temporal Variation

In the Yakima River Basin, suspended sedi-
ment concentrations at the fixed sites varied two to
three orders of magnitude over the 3 years of sam-
pling (fig. 11). At Union Gap, suspended sediment
concentrations ranged from 2 mg/L during the non-
irrigation season to 1,110 mg/L during a major
spring rain-on-snow event in the Kittitas and Mid
Valley, which lasted 2 to 3 days. Seasonal differ-
ences in suspended sediment concentrations and
turbidity in the main stem were most pronounced
when comparing the snowmelt and post-irrigation
seasons (fig. 13). An important source of sediment
is deposition of agriculturally derived suspended
sediment in the main stem during the irrigation sea-
son, followed by resuspension during the snowmelt
season. In contrast, temporal variations in sus-
pended sediment concentrations at Cle Elum were
small and probably reflected the absence of appre-
ciable upstream sources of erodible sediment as
well as the settling effect of upstream reservoirs.
Peaks in suspended sediment concentration also
occurred at the beginning of the irrigation season,
when canals and ditches contained sediment from
recent mechanical cleaning and wind-blown
sources. For example, on March 21, 1989, at Sul-
phur Creek Wasteway, the suspended sediment
concentration was 620 mg/L, exceeding the 90th
percentile for the 1987-91 WY sampling period at
this site (fig. 11). This elevated concentration was
most likely the result of a combination of wind-
driven dust and the initial flushing of the canal
water from Sunnyside Canal into Sulphur Creek
Wasteway.

The sediment deposited in the main stem as
a result of the lower streamflows of the irrigation

season was not appreciably resuspended and trans-

ported until the streamflows increased during the

winter and snowmelt seasons. The suspended sedi- e

ment concentrations at Kiona followed this pattern
during the 1988 WY (fig. 14), with the only obvi-
ous major changes in concentration having
occurred during two winter storms and a snow-
melt activity. In contrast, seasonal variations in
suspended sediment concentrations in Sulphur
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Creek Wasteway were very pronounced during the
1988 WY (fig. 14). During the nonirrigation sea-
son, concentrations were less than 50 mg/L (except
during a winter storm in January), while during the
irrigation season, concentrations were variable and
as much as four times larger.

Monthly and Annual Loads

Monthly and annual mean daily suspended sed-
iment loads (table 7) were calculated using ESTI-
MATOR (see Study Description section for an
explanation of the program). Because of the need
for daily streamflow measurements and monthly
and storm event measurements of suspended sedi-
ment, these loads were calculated only at fixed
sites. The estimation of monthly and annual loads
provided a spatial measure of sediment transport
and an understanding of seasonal sediment trans-
port.

During the 1988-89 WY, the suspended sedi-
ment loads in the Mid Valley at Umtanum were 3 to
27 times those in the Kittitas Valley at Cle Elum
(table 7). The suspended sediment loads at
Umtanum were affected by agricultural activities in
the Kittitas Valley, whereas the suspended sedi-
ment loads at Cle Elum were affected primarily by
forested land. Most of the suspended sediment in
the Kittitas Valley was transported during the June
through August part of the irrigation season. For
example, the irrigation season loads at Cle Elum
and Umtanum, respectively, accounted for 64 and
66 percent of the total annual loads at these two
sites during the 1988-89 WY (table 8). This sea-
sonal pattern resulted from high streamflows typi-
cally released from irrigation reservoirs upstream
from Cle Elum and the agricultural activities in the
vicinity of Ellensburg. In comparison to the sus-
pended sediment load exiting the basin, the total
annual load at Umtanum represented 66 percent of
the load at Kiona in the 1988 WY.

The suspended sediment loads at Union Gap,
affected by Moxee Drain and Wide Hollow Creek
in the Mid Valley, were 2 to 15 times the loads at
Umtanum, except during the irrigation season when
they were generally less than 2 times (table 7). In
July and August, irrigation season loads at
Umtanum increased with streamflow and slightly
exceeded loads at Union Gap. High streamflow,



Table 7. Estimated mean daily suspended sediment loads and annual mean daily streamflow at fixed sites, Yakima

River Basin, Washington, 1987-90 water years

[Loads are reported as tons per day; load estimates are based on calibration data collected from March 1987 to March 1990; annual flow represents
the annual mean daily streamflow in cubic feet per second; --, no data; Cr, Creek; lightly shaded and darkly shaded cells, respectively, represent the

snowmelt portion and the nonsnowmelt portion of the irrigation season; unshaded cells represent the nonirrigation salisoB feetull site
names]

Annual Annual
Site Oct Nov Dec Jan Feb Mar Apr May Jun  Jul  Aug Sep load flow
1987 Water Year
Cle Elum - -- - -- - -- 1 10 40 50 50 4 - -
Umtanum - -- - - - -- 120 140 270 360 340 43 - 1,744
Naches -- - -- - - - 200 140 34 10 4 26 - -
Union Gap -- - -- - - - 440 1,100 300 260 230 140 - 2,584
Sulphur Cr - - - - - - 180 180 140 120 60 34 - -
Grandview -- - -- - - - 330 1,000 110 100 85 80 - -
Kiona - - - -- - - 430 1,400 120 95 70 50 - 2,375
1988 Water Year
Cle Elum 1 1 2 2 8 7 12 3 12 46 60 13 14 1,075
Umtanum 5 3 10 6 28 38 160 80 150 370 460 140 121 1,608
Naches 14 3 6 4 7 12 140 160 80 14 6 60 43 992
Union Gap 75 37 75 50 100 9t 600 360 300 280 310 200 207 2,216
Sulphur Cr 14 5 6 7 10 100 150 160 190 75 65 60 70 175
Grandview 110 75 190 120 210 18 750 330 240 140 140 160 220 1,876
Kiona 75 44 140 65 140 16C 700 340 240 85 95 120 184 1,905
1989 Water Year
Cle Elum 1 5 9 16 10 4 34 48 37 65 50 9 24 1,442
Umtanum 14 28 33 40 33 48 390 320 300 480 400 100 183 2,090
Naches 24 8 8 8 5 14 280 280 160 8 7 60 75 1,144
Union Gap 90 120 120 130 110 18 1,600 1,100 500 320 260 190 389 2,873
Sulphur Cr 22 6 6 6 10 55 280 310 170 120 110 80 98 210
Grandview 200 300 210 200 160 58 3,600 1,600 300 160 140 140 632 2,521
Kiona 100 180 120 110 90 38( 2,400 1,200 250 120 120 110 435 2,454
1990 Water Year
Cle Elum 1 10 14 30 40 16 -- - -- - - - -- -
Umtanum 32 39 43 65 95 10( -- - -- - - - -- 2,398
Naches 13 6 15 100 22 3(C == == == = = = -- -
Union Gap 95 120 150 340 240 27 == == == = = = -- 3,302
Sulphur Cr 34 6 6 8 8 95 == == == = = = -- -
Grandview 130 230 220 520 340 31 -- - - - - - -- -
Kiona 140 200 210 400 290 34( -- - -- - - - -- 2,889

associated with snowmelt, played an important roleple, in the Naches River in the 1989 WY, the snow-
in the transport of suspended sediment in the Lowemelt season load was more than double the irriga-
Valley. At Union Gap, Grandview, and Kiona, 50to tion season load. Snowmelt affected runoff from a
64 percent of the total annual suspended sedimentarger proportion of the land surface in the Naches
load in the 1988—89 WY was transported during River Subbasin than did the irrigation season

this snowmelt period (table 8). Similarly, during release of water from the storage reservoirs.

this same period, the Naches River accounted for  The load at Union Gap represented a sizable
63 percent of the total annual load. The intrasite portion (112 percentin 1988 WY and 89 percent in
variations in sediment loads between the snowmelt1989 WY) of the load at Kiona (table 7). The range
season and the winter season were large. For exarof values between years reflects the absence of an
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Table 8. Summary statistics for the seasonal transport of suspended sediment loads at fixed sites,
Yakima River Basin, Washington, 1988-89 water years.

[Mean daily suspended sediment loads are reported as tons per day; see table 3 for full site names]

Percent of annual suspended sediment load Mean daily suspended sediment load
Post- Post-

irrigation Winter Snowmelt Irrigation irrigation Winter Snowmelt  Irrigation

Site (Oct-Dec) (Jan-Mar)  (Apr-May)  (Jun-Sep) (Oct-Dec) (Jan-Mar)  (Apr-May)  (Jun-Sep)

Cle Elum 4 10 21 64 3 8 24 36
Umtanum 3 5 26 66 16 32 240 300
Naches 4 3 63 29 10 8 220 50
Union Gap 7 9 50 33 86 110 900 300
Sulphur Creek 3 9 45 43 10 32 230 110
Grandview 10 14 62 14 180 240 1,600 180
Kiona 9 13 64 15 110 160 1,200 140

appreciable snowmelt in 1988. In the 1988 WY, ues of load input/output from tributaries (tributary
the suspended sediment load associated with snovinflowing) and canal diversions (canal outflowing)
melt was about 3 times smaller than during snow-were calculated. The load at the downstream site
melt in the 1989 WY. The 1988-89 WY annual  was then calculated by applying these inputs/out-
load at Kiona was smaller than the respective loathyts to the measured load at the upstream site. This
at Grandview, located 25 miles upstream from  ¢a|culated load was compared to the measured load
Kiona. The sediment load ratio of Kiona to Grand-4; the downstream site, and the difference between
view for the 1988-89 WYs was 0.84 and 0.69,  he o loads was computed. This type of analysis
respectively. The smaller annl_JaI Io_ads at Kiona is termedmass balanceand the smaller the differ-
may have been the result of diversions to Ken- ence between the measured load and the calculated

neW|cI_< _Canal anq Klong Canal and (or) the net load, the better the mass balance for the reach. For
deposition of sediment in the reach between the . .
comparison, mass balance calculations were also

sites. Large-streamflow conditions, like those : )
occurring during February of 1996, would likely made for streamﬂow, grelanvely conservative
increase the ratio between the sites. In the Lower M&asure. A positive difference between the mea-
Valley, much of the suspended sediment load wasSured and calculated suspended sediment load or
governed by waterways carrying irrigation return streamflows implies that unmeasured contributions
flow to the main stem. For example, in Sulphur  (from point or nonpoint sources and [or] resuspen-
Creek Wasteway, the median suspended sedimerfiion of streambed sediment) to the measured load
concentration was 103 mg/L (fig. 11). While the  exist. A negative difference, however, implies that
annual mean daily streamflow at Sulphur Creek unaccountable losses (from suspended sediment
Wasteway for the 1988 WY was only 9 percent of deposition and [or] streamflow diversions) exist in
that at Kiona, the annual mean daily suspended sedhe reach. Differences between the measured and
iment load accounted for 38 percent of the load atcalculated loads might also be due to short term
Kiona (table 7). temporal variability (not truly steady conditions),
errors in measuring suspended sediment concen-
trations and streamflow, and unmeasured inflows,
Mass Balance During the July 1988 Synoptic including ground-water seepage.
Sampling
In the Kittitas Valley, the suspended sediment
The dynamics of suspended sediment transportoads between Cle Elum (RM 183.1) and Umtanum
were studied by computing suspended sediment (RM 140.4) increased by a factor of four (154 t/d),
loads over 12 main stem reaches for the period ofwith no significant change in discharge (table 9).
July 26-29, 1988 (table 9). For each reach, the valFhe largest tributary loads of suspended sediment
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Table 9. Estimated mass balances for instantaneous streamflows and suspended sediment loads in the main stem, selected major tributaries, and canals,

Yakima River Basin, Washington, July 26-29, 1988

[Difference, calculated subtracted from measuteld site name main stem siteld, tributary inflowing site; 7 , canal diversions (canal outflowing site); --, not applicable; nd, no data; canal loads are
calculated using suspended sediment concentrations in the Yakima River near the point of diversion; N, streamflow entiflefivensifim canal; E, estimate; No., number]

Streamflow (cubic feet per second [ft  3/s]) | Suspended sediment load (tons per day)
Main stem Main stem
ko] o (] ()] o] ° (] o
Yakima 95’ ﬁ % % 2 _ § 95) g % g g — §
River @ 3 | 52 s2| & 3 o 33 &8
; ; (5} ® El 2 5| 2o T = 22 [E
Site name mile = o ol EE o3| = O a EE O3
Kittitas Valley
Yakima River below Keechelus Dam 214.4 841 - - -- -- nd nd nd - -
[0 Kachess River 203.5 -- -- - 872 -- -- - -- nd --
O Kittitas Main Canal at Diversion at Easton 202.5 -- - - - 1,12p -- - -- - 2.4
O Cle Elum River below Cle Elum Lake 185.6 - - - 3,050 - - - - nd -
Yakima River at Cle Elum 183.1 3,780 3,640 +140 -- - 51 nd nd -- --
O Teanaway River Below Forks near Cle Elum 176.1 -- - -- 37 - -- -- -- .05 --
O Taneum Creek 166.1 - - - 8 - - - - - -
O West Side Ditch 166.1 - - - - lo05 N - - - - 4.5
Yakima River at Thorp Highway Bridge at Ellensburg 165.4 3,590 3,720 -130 -- -- 155 46 +109 -- --
g Town Canal 161.3 - - - - 110N - - - - 4.8
 Cascade Canal 160.3 - -- -1 - 850N - - - -- 6.5
O Miscellaneous small diversions (each less than3m ft 160-155.5 -- -- -- - 275 -- - -- -- 4.7E
O Miscellaneous small irrigations returns (each less tharf@9 ft 160-155.5 - - - | 2170 - - . . 24E -
0 Manastash Creek 154.5 -- -- - 35E = -- - -- - -
O Wilson Creek above Cherry Creek at Thrall 147.0 - -- - 83 - - -- -- 2.2 --
O Cherry Creek at Thrall 147.0 -- -- -- 127 - - -- -- 28 -
Mid Valley
Yakima River at Umtanum 140.4 3,800 3,570 +230 -- -- 205 193 +12 -- --
O Umtanum Creek 139.8 -- -- -- 5E -- -- -- -- -- --
gRoza Canal 127.9 - - - - 11920E -- - - - 103
0 Selah/Moxee Canal 123.6 - -- -- - 1goN -- -- -- - 4.3
Yakima River at Harrison Road Bridge near Pomona 121.7 1,800 1,800 0 - - 83 98 -15 - -
O Naches River near North Yakima 116.3 -- -- + 328 - -- -- -- 2.6 --
[JMoxee Canal 115.9 - - %5Eg| - - 2.1
0 Roza Power Plant Return Flow 113.3 - - 11755 E - - - - 41 -
(0 Wide Hollow Creek near Mouth at Union Gap 107.4 -- -- - 26 - -- -- - .6 --
[0 Moxee Drain at Thorp Road near Union (?’ap 107.3 -- - -- 79 -- -- -- -- 128 --
Lower Valley
Yakima River above Ahtanum Creek at Union Gap 107.3 2,940 2,940 0 - - 172 253 -81 - -
O Ahtanum Creek at Union Gap 106.9 - - - 7.1 - - - - .06 -
JWapato Canal 106.7 -- -- -- - 41,700 E -- -- -- -- 101
0 Sunnyside Canal 103.8 - - - - 41,150 E -- - - - 68
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Table 9. Estimated mass balances for instantaneous streamflows and suspended sediment loads in the main stem, selected major tributaries, and canals,

Yakima River Basin, Washington, July 26—29, 1988—Continued

[Difference, calculated subtracted from measuteld site name main stem siteld, tributary inflowing site; 7 , canal diversions (canal outflowing site); --, not applicable; nd, no data; canal loads are
calculated using suspended sediment concentrations in the Yakima River near the point of diversion; N, streamflow entiflefivensiflm canal; E, estimate; No., number]

Streamflow (cubic feet per second [ft 3/s]) | Suspended sediment load (tons per day)
Main stem Main stem
o b © o| © b © o
Yakima 95’ % % % 2 _ § 95) i_é % g g — §
River @ 3 | 52 s2| & 3 o 33 &8
i i ] ] E| 2= sE5| @ = £ 828 SE
Site name mile = o ol EE o3| = O a EE O3
Lower Valley—Continued
Yakima River at river mile 91 at Zillah 91.2 5163 97.1 +65.4 -- -- 1.8 3.1 -1.3 -- -
O East Toppenish Drain at Wilson Road near Toppenish 86(0 - - - 30 - - - - 1.6 -
0 Sub-Drain No. 35 at Parton Road near Granger 83p -- - -- 34 -- -- -- -- .6 -
O Granger Drain at mouth near Granger 82.9 -- -- -- 49 -- -- -- -- 55 -
Yakima River at Highway 223 Bridge above Marion Drain at Granger 82.7 282 276 +6 - - 53 59 -6 - -
O Marion Drain at Indian Church Road at Granger 82.4 -- -- -- 39 -- -- -- -- N --
O Toppenish Creek at Indian Church Road near Granger 80.4 - -- -- 54 -- -- -- + 1.9 -
Yakima River below Toppenish Creek at river mile 78.1 78.1 428 375 +53 - - 32 56 -24 - -
O Coulee Drain 77.0 -- -- -- 28 -- -- -- -- nd --
Yakima River at river mile 72 above Satus Creek near Sunnyside 72.4 513 456 +57 - - 29 nd nd -- --
0 Satus Creek at gage at Satus 69.6 -- - -- 84 -- -- - -- 4.7 --
0 South Drain 69.3 - - —-| %82 - - - - 631 -
0 Drainage Improvement District (DID) No. 7 65.1 -- -- 1 225E -- -- -- - nd --
O Sulphur Creek Wasteway near Sunnyside 61. - -- -- 151 - - -- - 52 --
0 Satus Drain 303 60.2 - - -| 260 - - - - - -
Yakima River at Euclid Bridge at river mile 55 near Grandview 55.0 972 915 +57 - - 68 117 -49 -- --
r1Chandler Canal at Bunn Road at Prosser 471 - -- - -7808 -- -- -- - 57
Yakima River above Snipes Creek and Spring Creek near Whitstran 43.0 206 164 +42 - - 6.1 11 -4.9 -- --
O Spring Creek at mouth at Whitstran 41.8 -- -- - 24 - -- -- - 9.1 --
O Snipes Creek at mouth at Whitstran 41.8 - - - 33 - - - - 4.7 -
O Chandler Power Return 35.8 -- -- -{ 1527 -- -- -- -- 40 --
O Kiona Canal 34.9 - - - - 123N - - - - 1.7
O Corral Canyon Creek at mouth near Benton 33.1 -- -- - 16 - - -- -- 1.2 -
Yakima River at Kiona 29.9 854 783 +71 - + 51 59 -8 -- --
0 Columbia Canal 18 - -- -- -- 1100 E -- - -- - 5.9
Richland Canal 18 - -- -- -- 145E -- - -- - 2.7
Yakima River at Van Geisan Bridge near Richland 8.4 706 709 -3 -- -- 44 42 +2 -- --

1pon Schramm, Bureau of Reclamation, oral commun., June 28, 1994.

2Estimated streamflow (Bureau of Reclamation and Soil Conservation Service, 1974).

3The values reported for this site are the means of four daily measurements made from July 26-29, 1988.

4Daily mean streamflow for the period July 26-29, 1988 (Don Schramm, Bureau of Reclamation, oral commun., June 29, 1994).

Sstreamflow in the Yakima River below the Parker diversion into Sunnyside Canal (river mile 103.7) ranged from 75/®f60tht period July 26—29, 1988 (Don Schramm,
Bureau of Reclamation, oral commun., June 29, 1994).

6streamflow and suspended sediment were measured June 27, 1989.

7281 /s were diverted into the Kennewick Canal at the Chandler Power Return (river mile 35.8) [Don Schramm, Bureau of Rectahwatiomun., June 28, 1994].



in this reach were from Cherry Creek (28 t/d), July 1988 were generally less than 5 t/d. A notable
which flows into Wilson Creek before entering exception among west side tributaries, however,
the Yakima River, and other smallirrigation returns was South Drain (RM 69.3), which had a suspended
(estimated at 24 t/d collectively). A large portion sediment load of 31 t/d (table 9). This large load
(67 percent) of the increase in the measured load from South Drain can be attributed to sandy erosive
originated in the reach between Cle Elum and  soils and the frequent tillage and rill irrigation asso-
the Thorp Highway Bridge (RM 165.4). Itis not  cjated with the hop fields located close to South
known if the sediment depOSition during the low Drain (Da\/e Myra, Soil Conservation Service, Top-

streamflows in June and the subsequent resusperpenish, Washington, oral commun., September
sion during the high streamflows in July accounts 1992).

for this increase in load.

In the Mid and Lower Valleys, the calculated |mpjications for Water Resource Monitoring
loads generally exceeded the measured loads, indind Regulation
cating unmeasured losses—most likely resulting
from sediment deposition. In the reach between The major source of suspended sediment
RM 72 and Grandview (RM 55), the difference  and turbidity in the Yakima River Basin was
was -49 t/d; therefore, nearly 50 tons of 5U3pe”dedagricultural activity, and the major period of
sediment may have been deposited in this reach transport for suspended sediment in the main
on a daily basis during the 4-day July 1988 synoptiCgiem was the winter storms and snowmelt period.
sampling. During this sampling, a delta of sediment gjgnificant contributions of suspended sediment
was observed in the main stem at the mouth of 4 4o main stem during the irrigation season came
Sulphur Creek Wasteway. The depositional characg., ) wilson Creek in the Kittitas Valley, Moxee
ter of the main stem in the Lower Valley results Drain in the Mid Valley, and Granger Drain, Sul-
from the low streamflows ar_\d the main stem’s phur Creek Wasteway,’ and South Drain in 1the
gentle_s_,lopes and mea}nqlerlng channels. Th_ese Lower Valley. Tillage processes commonly used
depositional characteristics underscore the impor-. " hasin leave the land in a state that is easily

tance of the snowmelt period and winter storms . . .
. . . eroded. High rates of sediment transport to tributar-
as mechanisms for resuspending and transporting. : . :
ies were generally associated with the growing of

di tf the Mid and L Valleys.
seciment from the Mid and bower Valleys hops. Apple and pear orchards, however, have

A large portion of the suspended sediment loadreduced erosion by using sprinkler irrigation and
entering the Mid and Lower Valley was from the grassland covers.
east side tributaries and was attributable to terrain
characteristics, irrigation practices, and erosive ] ] )
landscapes in proximity to the Yakima River. sediment concentrations ranging from 47 to
The Warden-Esquatzel soil association, present 613 Mg/L in the 1988-89 WY. These concen-
throughout the drainage basins of the east side trations were among the highest recorded in the

tributaries, is characterized by highly erosive Yakima River Basin. In response to the high
silt-loam soils and steep subbasin slopes (mostly concentrations measured, the North Yakima Con-

210 15 percent). When combined with rill irrigation servation District has worked with landowners in

practices, a high rate of erosion can occur. For  the Moxee Drain Subbasin to apply best manage-
example, Moxee Drain (RM 107.3) and Sulphur ment practices to irrigated land, dry cropland, and
Creek Wasteway (RM 61) had respective sus-  rangeland on 75 percent of the subbasin’s

pended sediment loads of 128 and 52 t/d (table 9)97,930 acres. Best management practices include
In contrast, the west side tributaries have small ~ using underground drip irrigation, which was
subbasin slopes (mostly 0 to 2 percent) and soils shown to reduce sediment transport to almost zero
with erosion potentials described as only slight to from one hop farm in the Moxee Drain Subbasin,
moderate (Rinella and others, 1999). The sus-  and straw mulching, which was also shown to be
pended sediment loads from west side tributaries ireffective in minimizing erosion during irrigation.

The Moxee Drain at Thorp Road had suspended
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Nutrients water, ground-water seepage, and municipal waste,
had median concentrations of nitrogen and phos-

By Ted R. Pogue, Jr., Gregory J. Fuhrer, and phorus similar to or larger than the 75th percentile
Kenneth A. Skach of the mean reference concentrations at NASQAN
_ _ sites (table 10). This was not unexpected, because
Nutrients in the water column affect both NASQAN sites were designed to represent multiple
human health and aquatic biota. Nutrients measureghnd uses. An average of these sites would, there-

in this study of the Yakima River Basin were fore, be expected to have nutrient concentrations

ammonia (filtered), ammonia plus organic nitrogen smaller than agricultural drainages like Sulphur
(equivalent to reduced nitrogen, unfiltered), nitrite Creek Wasteway.

plus nitrate (filtered), soluble reactive phosphorus
(SRP, filtered/undigested), and total phosphorus
(unfiltered). Total nitrogen, which is a calculated -and Use and Land Type Effects
value equal to the sum of nitrite plus nitrate and The distribution of nutrient concentrations in
ammonia plus organic nitrogen, is another impor- the yakima River Basin varied with land use. Tem-
tant nutrient measure. All nutrient species were poral or seasonal effects also are important for
reported either as nitrogen or as phosphorus.  gefining land use influence on water quality. For
The Yakima River Basin surface waters were example, spring snowmelt on forest and rangeland,
monitored for nutrient concentrations during the periods of winter storms on land of all uses, and
1987-91 WY. Comparison of median total phos- summer irrigation on agricultural land can alter the
phorus and nitrite plus nitrate concentrations for theeffect of their associated runoff on water quality.
Yakima River during this period were made to  To help understand the relations between land
mean values from the USGS Benchmark and Na- use and water quality, synoptic data were collected
tional Stream Quality Accounting Network July 14-19, 1987, during the summer irrigation sea-
(NASQAN) sites, and to historic Yakima River data son. Rather than make land use assignments on the
collected from 1974-81 WY (table 10). Benchmark basis of land use near the sampling site, the predom-
sites monitored streams minimally affected by hu-inant sources of water for each site were estimated
man activities, while NASQAN sites monitored the on the basis of the land and water use of the basin
outflow of major river drainage basins in the United upstream from the sampling location according to
States. The historic Yakima River data were similarthe following categories: forested, agricultural,
to the 1987-91 WY data. The median total phos- rangeland, and urban.
phorus concentration (0.01 mg/L) at Cle Elum, a

site in the upper basin minimally affected by human tions represented large percentages of the stream-

activities, was close to the reference median con- ) ! . ;
. . . flow, the associated nutrient concentrations varied
centration (median of the mean concentrations) for

the 38 Benchmark sites throughout the United greatly among sites (table 11). Tributaries with

States (0.03 mglL) (Richard Alexander, U.S. Geo-y 280 O B TECR Py SETie B0 o
logical Survey, written commun., 1994). The

median nitrite plus nitrate concentration at generally exceeded those found in tributaries with

Cle Elum (0.02 mg/L), however, was an order of streamflows predominantly composed of forest

. : runoff. Total nitrogen concentrations, for exampl
magnitude smaller than the reference median contuno otal nitrogen concentrations, for example,

centration (0.24 mg/L) for Benchmark sites. In ranged from <0.30 to 5.3 mg/L in agricultural trib-

- o taries and had a median concentration (1.4 mg/L)
contrast, median total phosphorus and nitrite plus . i :
- phoSp > P fnearly three times that of forested tributaries. Total

phosphorus concentrations ranged from 0.06 to
0.99 mg/L in agricultural tributaries and had a
e 7. : .
median concentration (0.18 mg/L) equal to six
times that of forested tributaries.

Although forested and agricultural classifica-

the basin, were 0.13 and 1.1 mg/L, respectively.
These concentrations were similar to reference m
dian concentrations of total phosphorus and nitrite
plus nitrate (0.17 and 0.71 mg/L, respectively)
measured by NASQAN at the mouths of 354 In the Mid and Lower Valleys, the drainages to
United States rivers. Sulphur Creek Wasteway, the Yakima River can generally be described as low
which contained irrigation return flow, excess canal gradient with high organic carbon, silty soils to
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Table 10. Comparison of selected nutrient concentrations in surface waters of the Yakima River Basin (1987-91 water years) to historical data from the Yakima
River Basin and to surface waters in the United States
[All values are reported as milligrams per liter as nitrogen or phosphorus; NASQAN; National Stream Quality Accounting deavphiasphorus and ammonia plus organic (amm-+organic) nitrogen
analyses were performed on unfiltered water; SRP (soluble reactive phosphorus), nitrite plus nitrate, and ammonia anpéyfmsnedren filtered water; NA, no data available for fixed sites; <, less

than; —, no data available]

Yakima River Basin
(1987-91 water years)

Yakima River Basin
(1974-81 water years) *

Benchmark
(1980-89 water years) 2

NASQAN
(1980-89 water years) 3

Value at indicated

Value at indicated

Number of Value at indicated percentile Number of Value at indicated percentile percentile percentile
Nutrients samples 25 50 75 90 samples 25 50 75 90 25 50 75 25 50 75
Yakima River at Cle Elum (river mile 183.1) Yakima River at Cle Elum (river mile 183.1) Means of 38 sites Means of 354 sites

Total phosphorus 45 <0.01 0.01 0.02 0.03 70 0.01 0.02 0.04 0.06 0.02 0.03 0.05 0.11 0.17 0.27
SRP 42 <.01 <.01 <.01 .01 72 <.01 <.01 .01 oL — — — — — —
Nitrite plus nitrate 444 .01 .02 .06 .09 72 .02 .03 .04 .07 .18 .24 .33 43 71 11
Amm-+organic nitrogen 45 <.20 <.20 <.20 .20 — — — — — | — — — — — —
Ammonia 45 <.01 .01 .01 .02 — — — — — — — — — — —

Sulphur Creek Wasteway near Sunnyside (river mile 61) Sulphur Creek Wasteway at McGee Road (river mile 61f) Means of 38 sites Meafr@b4 sites
Total phosphorus 48 .20 .27 .34 .42 71 .22 .29 42 .68 .02 .03 .05 A1 17 .27
SRP 49 .10 12 17 .23 71 A1 .16 .19 .2b — — — — — —
Nitrite plus nitrate 49 1.6 2.2 6.1 6.5 72 1.7 2.7 54 6.1 .18 .24 33 43 71 1.1
Amm-+organic nitrogen 46 .60 .80 1.2 1.8 — — — — — | — — — — — —
Ammonia 48 .08 17 44 .65 — — — — — — — — — — —

Yakima River at Kiona (river mile 29.9) Yakima River at Kiona (river mile 29.9) Means of 38 sites Means of 354 sites
Total phosphorus 46 .10 .13 .16 .25 96 .10 .13 .16 21 .02 .03 .05 A1 17 27
SRP 47 .05 .07 .08 .10 96 .06 .08 .09 1 — — — — — —
Nitrite plus nitrate 47 .76 1.1 1.2 1.4 96 .54 .89 1.2 1.5 .18 .24 33 43 71 1.1
Amm-+organic nitrogen 45 .30 .40 .60 1.0 — — — — — | — — — — — —
Ammonia 46 .02 .03 .05 .06 — — — — — — — — — — —
Seven fixed sites NA Means of 38 sites Means of 354 sites

Total phosphorus 320 .03 .09 .15 .27 — — — — — .02 .03 .05 A1 17 27
Nitrite plus nitrate 311 .33 .79 1.7 2.7 — — — — — .18 .24 .33 43 71 11

IRinella, McKenzie, and Fuhrer, 1992b.

“Richard Alexander, U.S. Geological Survey, written commun., 1994,
SRichard Alexander, U.S. Geological Survey, written commun., 1994.
“Two values reported as <0.1 were deleted to maintain a consistent minimum reporting level.
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Table 11. Streamflow and nutrient concentrations in tributaries having predominantly forested and agricultural sources of water, Yakima River Basin, Washington,

July 14-19, 1987

[Sites in the Mid and Lower Valleys were classified as east or west side tributaries on the basis of which side of theveakirealRiinage was located; all nutrient concentrations are reported in
milligrams per liter as nitrogen or phosphorus. Total nitrogen concentrations were calculated as the sum of nitrite plus nitrate and ammaaécphitsogrgn; for this calculation, a less than (<) value for
nitrite plus nitrate was treated as a zero except when both the ammonia plus organic nitrogen and nitrite plus nitratgoctsneendr censored—then, <0.20 + <0.10 = <0.30 was used for the total
nitrogen concentration; *, not applicable]

Ammonia Soluble
Streamflow plus organic  Nitrite plus Total reactive
Yakima East or (cubic Total Ammonia, nitrogen, nitrate, in  phosphorus, phosphorus,
River west side feet per nitrogen in filtered  in unfiltered filtered in unfiltered in filtered
mile Site nam e tributary second) (calculated) water water water water water
Predominantly Forested Sources
176.1 Teanaway River below Forks near Cle Elum * 36 .30 <0.01 0.3 <0.10 0.01 <0.001
147.0 Naneum Creek near Ellensburg * 14 .30 .02 3 <.10 .05 .03
147.0 Wilson Creek above Cherry Creek at Thrall * 110 1.1 .04 7 44 .22 12
116.3 Naches River near North Yakima West 660 A7 .01 .15 .02 .02 <.01
80.4 Toppenish Creek near Fort Simcoe West 12 .50 .01 5 <.10 .04 .027
69.9 Satus Creek below Dry Creek near Toppenish West 16 .50 .02 5 <.10 .02 .025
Predominantly Agricultural Sources
153.7 Currier Creek at Dry Creek Road at Ellensburg * 24 .90 .04 .8 .10 .06 <.01
150.1 Unnamed drain 1.9 miles northwest of Thrall * 1.8 .96 .02 3 .66 .07 .04
147.0 Cherry Creek at Thrall * 102 3.6 .07 11 25 .32 21
147.0 Badger Creek at Badger Pocket Road and 4th Parallel Road * 8.8 2.8 .02 . 2.3 .23 A7
108.0 Unnamed drain at Walters Road at Moxee City East 26 2.2 - 15 .70 .36 14
107.4 Wide Hollow Creek near mouth at Union Gap West 37 1.4 .04 <1 1.4 12 .10
107.3 Tributary to Moxee Drain at Bell Road East 12 3.2 .03 .6 2.6 21 13
107.3 Moxee Drain at Thorp Road near Union Gap East 79 3.6 .19 2.1 15 .35 .13
106.9 Ahtanum Creek at Union Gap West 7.1 .85 .03 A4 45 A2 .09
86.0 E Toppenish Drain at Wilson Road near Toppenish West 16 2.6 .02 5 2.1 .23 17
83.2 Sub-Drain Number 35 at Parton Road near Granger West 33 2.2 .25 4 1.8 A5 .07
82.8 Granger Drain at mouth near Granger East 51 4.5 .27 3.1 1.4 51 .16
82.6 Unnamed drain at Hoffer Road near Wapato West 1.4 1.0 .03 7 42 12 .06
82.6 Unnamed drain at Branch Road at Ashue near Wapato West 4.2 .60 .01 <.10 .08 .05
82.6 Unnamed drain at Branch Road at Yethonat near Wapato West 3.3 .94 <.01 A4 .08 .07
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Table 11. Streamflow and nutrient concentrations in tributaries having predominantly forested and agricultural sources of water, Yakima River Basin, Washington,

July 14-19, 1987—Continued

[Sites in the Mid and Lower Valleys were classified as east or west side tributaries on the basis of which side of theveakirealRiinage was located; all nutrient concentrations are reported in
milligrams per liter as nitrogen or phosphorus. Total nitrogen concentrations were calculated as the sum of nitrite plus nitrate and ammaaecphitsogren; for this calculation, a less than (<) value for
nitrite plus nitrate was treated as a zero except when both the ammonia plus organic nitrogen and nitrite plus nitratBoceEneene censored—then, <0.20 + <0.10 = <0.30 was used for the total
nitrogen concentration; *, not applicable]

Ammonia Soluble
Streamflow plus organic  Nitrite plus Total reactive
Yakima East or (cubic Total Ammonia, nitrogen, nitrate, in  phosphorus, phosphorus,
River west side feet per nitrogen in filtered  in unfiltered filtered in unfiltered in filtered
mile Site nam e tributary second) (calculated) water water water water water
Predominantly Agricultural Sources—Continued
82.6 Harrah Drain at Harrah Road at Harrah West 21 53 1.3 2.0 3.3 0.38 0.21
82.6 Unnamed drain to Marion Drain near Harrah West 54 3.0 .06 .6 24 .19 .07
82.6 Unnamed drain at Becker and Yost Roads West 29 5.0 A7 2.0 3.1 .48 .19
82.5 Marion Drain at Indian Church Road near Granger West 19 2.7 .20 7 2.0 .10 .04
80.4 Drain at Evans Road near Mountain View High School West 15 .50 .03 5 <.10 .99 .07
80.4 Unnamed drain at Progressive Road near Harrah West 44 1.0 .04 .8 .24 43 .22
80.4 Unnamed Creek at Barkes Road near White Swan West 18 1.0 .02 A4 .60 13 .09
80.4 Tributary to Mill Creek at Tecumseh Road West 1.3 <.30 <.01 <.2 <.10 14 .10
80.4 Toppenish Creek at Indian Church Road near Granger West 55 2.8 .02 4 2.4 13 .07
69.6 Satus Creek at gage at Satus West 84 2.4 .01 5 1.9 .15 .08
61.0 Sulphur Creek Wasteway near Sunnyside East 240 .99 12 7 2.1 .37 .13
60.2 Satus Drain 303 at Highway 22 at Mabton West 12 .86 .02 7 1.6 .18 .06
41.0 Spring Creek and Snipes Creek near Whitstran East 85 .99 .02 2 .79 .19 .04

335 Corral Canyon Creek at mouth near Benton East 19 2.3 .02 5 1.8 .08 .03




the west, and high gradient with low organic car- taries, like Wide Hollow Creek and Moxee Drain.
bon, sandy soils to the east. The median total nitroWater from the Naches River, with median nutrient
gen and total phosphorus concentrations during theeoncentrations about one-third to one-half those at
July 1988 synoptic sampling for the west side trib-Umtanum, and the Roza power return flow, which
utaries were 1.0 and 0.13 mg/L, respectively, while carried water diverted from the Yakima River just
the medians for the east side tributaries were 2.3 downstream from Umtanum, diluted the high con-
and 0.35 mg/L, respectively (table 11). Within each centration inputs from Wide Hollow Creek, Moxee
of these drainages, however, the specific crops andPrain, and the Yakima sewage treatment plant,
the methods of tillage and irrigation are important resulting in decreased concentrations at Union Gap.

factors affecting the quality of the irrigation return Downstream from Union Gap, most of the main

flow. stem water was diverted into the Wapato and Sun-

Rangeland was likely an important land use Cat_nyS|de Canals, leaving little water in the river at

. ) . : Parker. Downstream from this point, agricultural
egory during periods of rainfall and runoff. During drains, such as Sulphur Creek Wasteway, contrib-
the summer, however, the contribution to stream- X '

. uted high nutrient concentrations to the main stem.
flow from rangeland was small, and in terms of land

its effoct ¢ lit nsianificant: th Median concentrations in Sulphur Creek Wasteway
use, Its efiecton water quality was insignincant, the o, - approximately twice those in the main stem at

X ; €&randview and Kiona, with the exception of the
also were sampled during the July 1987 synoptic 5 monia concentration, which was about three
sampling and, like the trlbutarles,_had total _nltrogentimes larger (fig. 16). Compared to data previously
and total phosphorus concentratlon_s that 'ncreas‘:'_'ﬂublished for the Yakima River (Rinella, McKen-
as the percentage of streamflow attributable to agrizyje and Fuhrer, 1992b), the spatial distribution of
cultural areas increased (fig. 15). Downstream fromp trient concentrations along the main stem indi-
Zillah, the percentage of streamflow from forested cate Jittle or no change over time (table 10).
areas decreased from about 80 percent to less than _

40 percent, and then less than 30 percent down- Several synoptic surveys were conducted to
stream of Prosser. In contrast, help define spatial water-quality conditions during
the percent of streamflow from agricultural areas SPecific hydrologic conditions. The synoptic sur-
increased from less than 20 percent to about veys included several S|t_es over a short tlmg period
55 percent, and then to about 65 percent down- (usually 4 to 5 days) during periods of relatively
stream of Prosser. In the Mid and Lower Valleys, fteady ﬂo‘,’," conditions. These data provided a
the single greatest source of nitrogen and phosphgSnapshot” of the water quality in the basin. Of

rus during the synoptic period was agricultural these synoptic surveys, the irrigation season survey
for the period of July 26—-29, 1988, was of particu-

areas. . .
lar interest, because the streamflow was highly reg-
ulated to provide irrigation water. Although nutri-
Spatial Distribution ent concentration patterns in the upper main stem
during the irrigation season were similar to those
During the 1987-91 WY, nutrient concen- described previously, the synoptic survey allowed

closer inspection of downstream spatial variations
in concentrations in the main stem and tributaries.

trations were measured at the seven fixed sites.
Although small background concentrations were
measured at the Cle Elum site (table 10), these During the July 1988 synoptic sampling, sev-
nutrient concentrations tended to increase down- eral irrigation drains in the upper reach of the
stream. The largest median concentrations mea- Yakima River contributed high nutrient concen-
sured in the main stem were at Grandview and  trations to the main stem. For example, Wilson
Kiona, where the median concentrations were 4 toCreek and Cherry Creek, which merge prior to
70 times those measured at Cle Elum (fig. 16). Theentering the main stem at RM 147, had total
maximum concentrations at Union Gap were somenitrogen and total phosphorus concentrations
times larger than those measured at Umtanum anthat were 7 to 25 times larger than those at Cle
reflected inputs from agriculturally affected tribu- Elum (fig. 17). Downstream from the creeks, the

45



TOTAL PHOSPHORUS CONCENTRATION, IN MILLIGRAMS PER LITER AS P

TOTAL NITROGEN CONCENTRATION, IN MILLIGRAMS PER LITER AS N

3.0 T

25F

®  Total nitrogen
concentration

A Total phosphorus

concentration
20
L Land-use categories:

F —()— Forest

—O— Rangeland
151 —A— Agriculture

- —— Urban

1.0

0.5

T
L AE
o ®
0.16 |- =) A A ©
2= g
[¢]
L mg A A >
Qs = g
014} NS &4 3 9 A
.O = a3
I 2z c A
TS o
S
0.12 2 0]
N

0.10| g
o
r c
Q
0.08 - = -
S
L AA =
N
0.06 [ A

» Umtanum

» Easton

0 [ e . O T
220 200 180 160 140 120 100 80 60 40 20
YAKIMA RIVER MILE

Figure 15 . Associations between total nitrogen and total phosphorus concentrations and estimated

sources of water in the Yakima River, Washington, July 14-19, 1987. (Total nitrogen concentrations are

calculated as the sum of nitrite plus nitrate in filtered water and ammonia plus organic nitrogen in

unfiltered water. Total phosphorus is determined from an unfiltered water sample. See table 3 for full site

names. Hwy., Highway.)
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abundant streamflow in the upper reach of the main(RM 61). Downstream from the Yakima River
stem diluted these high nutrient concentrations. Thebelow Toppenish Creek, the total nitrogen concen-
total phosphorus concentration in the Yakima Rivertrations remained relatively constant and ranged
at Thorp Highway Bridge at RM 165.4 (0.05 mg/L) from 1.5to 1.7 mg/L (fig. 17).

seemed to be anomalously high and might reflect

: . L Patterns for total phosphorus concentrations
the sampling and analytical variability near the

e ) : were similar to total nitrogen concentrations in the
minimum reporting level (0.01 mg/L). During the o5 pejow Union Gap, except at Zillah. The total
irrigation season, high streamflows dominated thephosphorus concentration actually dropped from
upper main stem due to release of water from 0.09 mg/L at Union Gap to 0.05 mg/L at Zillah,

upstream storage reservoirs. The July 1988 streanynicny was close to the concentration measured at
flow at Umtanum located downstream from the reS-Umtanum (fig. 17). The reduction of phosphorus

ervoirs, ranged from 2,780 to 4,136/, compared ¢ primarily in the form of SRP, which decreased

to a mean for the water year of 1,610t from 0.04 mg/L at Union Gap to 0.01 mg/L at Zil-
Downstream from Umtanum, the Roza Canal lah. Field observations at Zillah indicated a luxuri-
(RM 127.9) and the Selah/Moxee Canal (RM ant community of periphytic algae, which are
123.6) diverted approximately one-half the flow known to utilize SRP. Downstream of Zillah, the
of the main stem (approximately 2,008'5). total phosphorus concentrations remained at or
Between Umtanum and the Yakima River at above 0.1 mg/L during the synoptic survey.
Harrison Bridge (RM 121.7), total nitrogen and
total phosphorus concentrations increased; how-
ever, this concentration increase lacks an obvious
explanation. Farther downstream at Union Gap _
(RM 106.9), total nitrogen and total phosphorus Nitrogen
concentrations decreased slightly. Sources of total Seasonal variations in total nitrogen concen-

hitrogen and to_tal phosphorus ente_ring the_ mgin trations in the Yakima River were primarily limited
stem above Union Gap were associated prmupallyto the Lower Valley, downstream from Union Gap,
Wl'th effltlge'\r)lti Irlonﬁhge Ya:jkgn? se\;\ll_age treatr_nelnt where these variations had distinct seasonal pat-
plant at (11.9 and 3.7 mg/L, respectively) terns (fig. 18). These trends were primarily a func-

and agricultural return flows from Wide Hollow o of nitrite plus nitrate, which generally account-

Creek at RM107.4 (2.16 and 0.13 mg/L, respec- o for 60 to 80 percent of the total nitrogen. During
tively) and Moxee Drain at RM 107.3 (1.38 and o st jrrigation and winter months (October

0.15 mg/L, respectively) (fig. 17). The streamflow y,.,41 March), discharge from irrigation reser-
inputs from the Roza power plant return and the reI—VoirS was minimal and streamflow in the lower
ativgly dilute Naches River, however, minimized_ main stem, except during winter storms, was simi-
the impact of these elevated sources on the main |5 1, streamflow during the irrigation season. The
stem at Union Gap. concentrations of nitrite plus nitrate and total nitro-
Below Union Gap, the Wapato (RM 106.7) and gen at Kiona remained high during the post-irriga-
Sunnyside (RM 103.8) Canal diversions reduced tion months and subsequently decreased with the

Temporal Variation

the main stem streamflow to 163/& in the flushing action of winter storms in the Lower
Yakima River at Zillah (RM 91.2) during the Valley (fig. 19). Closure of the diversions also
July 1988 synoptic survey. The total nitrogen decreased the streamflow in the tributaries, which

concentration in the Yakima River downstream  received much of their streamflow from excess
from these diversions increased from 0.5 mg/L at canal water and irrigation return flow. During the
Zillah to 1.8 mg/L in the Yakima River below Top- October to March period, nitrite plus nitrate and
penish Creek (RM 78.1) (fig. 17). This concentra- total nitrogen concentrations increased in Sulphur
tion increase reflected the agricultural inputs from Creek Wasteway (fig. 19). These high concen-
numerous creeks and agricultural drains, which  trations were the result of drainage from shallow
accounted for approximately 75 percent of the flow ground water, overland runoff during winter

in the lower main stem and whose concentrations storms, drainage from feedlots, point source dis-
were typified by the Sulphur Creek Wasteway charges, and urban runoff. Estimates from the
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Figure 18 . Median seasonal total nitrogen concen-
trations at selected sites, Yakima River Basin, ;
Washington, 1987-91 water years. (To avoid
250

statistical bias, only the first concentration per day
was used. See table 3 for full site names.)

Sunnyside sewage treatment plant, however, showed
that effluent nitrite plus nitrate concentration and
streamflow (2.2 mg/L and 3.1%s, respectively,
measured July 26, 1988) were too small to have
strongly influenced the total nitrogen concentrations
in Sulphur Creek Wasteway. The presence of high
nitrogen concentrations in shallow ground water

was likely a result of fertilizer applications (agricul-
tural and limited urban), manure applications (liquid
and solid), septic tank waste, and atmospheric deposi~ 2

200

150

100

CONCENTRATION, IN MILLIGRAMS PER LITER AS N

IN
LIS N S S S S B B B B L B B S B B B B ) B B e e B

: &
tion. o
'?_: 50
During the snowmelt season (April and May), z1
melting snow in conjunction with spring rains caused 1
. . Sulphur Creek Wast
the highest streamflows in the 1988 WY. For exam- oL u,p u,r r,ee , a,s ev,vay, TR
ple, the highest instantaneous discharge (5,88 ft O ND J FMAMIJIJ AS
and the lowest nitrite plus nitrate concentrations 1988 WATER YEAR
(0.48 mg/L) of the year at Kiona were measured
during Ap“_l ]j7' 1988, _snowmelt runoff' (fig. 19). Figure 19. Total nitrogen and nitrite plus nitrate
Although nitrite plus nitrate and total nitrogen concentrations in the Yakima River at Kiona and
concentrations responded similarly in the lower Sulphur Creek Wasteway near Sunnyside, Yakima

main stem, exceptions were found. Exceptions during River Basin, Washington, 1988 water year.
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the October to May period were due to increasesin o400 ————7——"—1 "1+
ammonia plus organic nitrogen concentrations that I
coincided with increases in suspended sediment
concentrations in the main stem from resuspended
streambed sediment during winter and spring
storms (fig. 14). These ammonia plus organic nitro-
gen concentrations generally accounted for more
than one-half of the total nitrogen at Kiona during
these storms (52 percent in December, 50 percent
in January, and 67 percent in April). In Sulphur
Creek Wasteway, similar increases in the total
nitrogen concentrations during the winter months
were also the result of increased ammonia plus
organic nitrogen concentrations (fig 19). These
high winter concentrations of ammonia plus
organic nitrogen were likely caused by overland
runoff from dairies and feedlots during precipita-
tion events and the land application of manure.

I 4 Post-irrigation (Oct - Dec)
0.35 [ W Winter (Jan - Mar) "
[ A Snowmelt (Apr - May)

0.30 [ o Irrigation (Jun - Sep)

o

)

ol
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» Umtanum
» Naches
& m+¢ Union Gap
* >
Kiona me e »

™
Sulphur Creek Wasteway ¢

Grandview =

Irrigation begins in the Yakima River Basin in 005

late March to early April. Excess irrigation canal
water, along with irrigation return flow, increased o
flows in Sulphur Creek Wasteway and other agri- 200 150 100
culturally influenced tributaries in the Lower Val- RIVERMILE
ley. This increased streamflow diluted nitrite plus ~ Figure 20 . Median seasonal total phosphorus

nitrate and total nitrogen concentrations in Sulphur \C,\(,’Qgﬁiﬂg?éfvnfgaggtfféelc\fve;:r'tsgag'?%aasgﬁr Basin,
Creek Wasteway (fig. 19). In contrast, the nitrite statistical bias, only the first concentration per day

plus nitrate and total nitrogen concentrations was used. See table 3 for full site names.)

increased at Kiona during the irrigation season

(June through September). The high total nitrogenslightly elevated (fig. 20), and may have been due
concentration (2.0 mg/L) relative to the nitrite plus t0 &combination of decreased streamflow and, sub-
nitrate concentration (1.2 mg/L) in July appeared tosequently, less dilution of the effluent discharged
be related to the conversion of nitrate and nitrite to from the Yakima sewage treatment plant, stormwa-
organic nitrogen (by algae) and to agricultural  ter runoff, and ground-water seepage. The highest
activity in the lower basin. Large concentrations of median concentration of total phosphorus in Sul-

ammonia plus organic nitrogen were also measuredhur Creek Wasteway (0.34 mg/L) was measured
in agricultural drains during the irrigation season. during the winter months when streamflow was low

(fig. 20). The seasonal variations in the total phos-

phorus concentrations in Sulphur Creek Wasteway
Phosphorus were likely the result of seasonal variations in efflu-
ent from the Sunnyside sewage treatment plant,
runoff from feedlots, and ground-water seepage.

TOTAL PHOSPHORUS CONCENTRATION, IN MILLIGRAMS PER LITER AS P

leem Cle Elum
ol

a1
o
o

The highest median concentrations of total
phosphorus in the main stem were generally mea-
sured during the snowmelt season (fig. 20). At An important factor controlling total phospho-
Union Gap, however, streamflow from the Naches rus concentrations in the surface waters of the
River, which had low total phosphorus concen-  Yakima River Basin was suspended sediment con-
trations (median of 0.07 mg/L), diluted the main  centration. A large portion of the total phosphorus
stem total phosphorus concentration, resulting in aconcentration, particularly during storms, was in
median concentration of 0.09 mg/L. This dilution the form of sediment-sorbed phosphorus (total
effect also was exhibited during the irrigation sea- phosphorus minus SRP). For example, high
son. The post-irrigation and winter median concen-concentrations of sorbed phosphorus were mea-
trations of total phosphorus at Union Gap were  sured during erosive storms and snowmelt at Kiona
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(fig. 21). During the April 1988 storm event, the conducive to eutrophication existed in the lower
sorbed phosphorus accounted for 81 percent of themain stem, measurements of phytoplankton density
total phosphorus (0.27 mg/L). SRP concentrations atind biovolume on July 10, 1992 and September 17,
Kiona showed little temporal variability during the 1992 did not indicate eutrophication in the water
1988 WY (fig. 21). column. The phytoplankton densities at Kiona

(640 counts/milliliter in July and 450 counts/
milliliter in September) were low in comparison

with the moderate densities in the Willamette River
near Corvallis (800 to 1,800 counts/milliliter;

Jim Sweet, Aquatic Analysts, oral commun.,
September 19, 1994), a location of similar hydro-
logic regime. The lower counts at Kiona indicated
that stream turbidity may have been inhibiting phy-
toplankton growth. If turbidity were to significantly
decrease, increased sunlight penetration in the water
column could increase eutrophication in the lower
Yakima River and result in unacceptable levels of
dissolved oxygen, pH, and aquatic growth.
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Monthly and annual mean daily nutrient loads
were calculated using ESTIMATOR (see Study
Description section for an explanation of the pro-
gram). These monthly loads were then summarized
by season (table 12). Because of the need for daily
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e R S B =V S VR e e streamflow measurements gnd monthly ar_ld storm
1988 WATER YEAR event measurements of nutrient concentrations, these
EXPLANATION loads were calculated only at fixed sites. Annual
—m—  Total phosphorus concentration loads for the Yakima River Basin showed the effects
—e— Soluble reactive phosphorus concentration of increased annual precipitation during the study
®  Instantaneous streamflow period, and in all cases, the annual loads for the
1989 WY were equal to or larger than those for the
Figure 21 .Total phosphorus and soluble reactive 1988 WY (table 12).
phosphorus concentrations in the Yakima River at Kiona,
Yakima River Basin, Washington, 1988 water year. Large loads of sediment sorbed phosphorus

(total phosphorus minus SRP) and ammonia plus

SRP is important because it can be the limiting organic nitrogen generally coincided with high
nutrient in eutrophication processes. Although peakstreamflows associated with the snowmelt season.
total phosphorus concentrations were measured duburing the 1988-89 WY at Kiona, the largest
ing winter storms and snowmelt months (fig. 21), seasonal mean daily streamflow and suspended
these concentrations also were associated with higeediment load (3,620%s and 1,200 t/d, respec-
suspended sediment concentrations, high stream- tively; tables 1 and 8) were measured during the
flows, and cool water temperatures, making eutrophsnowmelt season. The largest sorbed phosphorus and
ication less likely. During the irrigation season, how-ammonia plus organic nitrogen loads were also mea-
ever, more favorable conditions for eutrophication sured during snowmelt (table 12). During the post-
existed in the Lower Valley, including warm water irrigation, winter, and irrigation seasons, the mean
temperatures, low streamflow, moderate suspendedaily streamflows (table 1) and suspended sediment
sediment concentrations, and SRP concentrations loads (table 8) in the Lower Valley remained rela-
between 0.05 and 0.1 mg/L. Although conditions tively small and less variable than during the snow-
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Table 12. Summary statistics for the seasonal transport of nutrient loads at fixed sites, Yakima River Basin, Washington, 1988-89 water years
[See table 3 for full site names; the sum of the seasonal percentages may not equal 100 due to rounding]

Seasonal mean-daily nutrient load, in pounds per day (percent of annual load)

1988 water year 1989 water year
Post-irrigation Winter Snowmelt Irrigation Post-irrigation Winter Snowmelt Irrigation
Site (Oct-Dec) (Jan-Mar) (Apr-May)  (Jun-Sep) Annual (Oct-Dec) (Jan-Mar) (Apr-May) (Jun-Sep) Annual
Ammonia plus organic nitrogen
Cle Elum 140 (5) 320 (12) 470 (11) 1,500 (72) 690 (10Q) 340 (8) 440 (11) 1,400 (23) 1,800 (60) 1,000 (100)
Umtanum 740 (7) 1,400 (13) 3,200 (20) 4,700 (60) 2,600 (100) 1,200 ( 8) 1,900 (13) 7,100 (32) 5,300 (48) 3,700 (100)
Naches 550 (11) 620 (12) 3,000 (38) 1,400 (36) 1,300 (100) 730 (12) 670 (11) 4,000 (44) 1,500 (33) 1,500 (100)
Union Gap 3,100 (16) 3,300 (17) 7,000 (24) 6,000 (42) 4,800 (10D) 4,400 (17) 4,400 (17) 12,000 (31) 6,400 (33) 6,400 (100)
Sulphur Creek 440 (13) 760 (22) 1,400 (27) 950 (37) 850 (10Q) 470 (12) 700 (18) 1,700 (30) 1,000 (35) 940 (100)
Grandview 3,900 (23) 4,000 (23) 6,400 (25) 3,900 (30) 4,300 (10D) 5,400 (19) 5,300 (18) 17,000 (40) 4,500 (21) 7,100 (100)
Kiona 3,500 (19) 4,400 (24) 8,100 (29) 3,800 (28) 4,600 (10D) 4,400 (16) 4,300 (15) 19,000 (45) 4,000 (19) 7,100 (100)
Sediment-sorbed phosphorus (total phosphorus minus soluble reactive phosphorus)
Cle Elum 5.7(3) 31 (16) 35(12) 99 (69) 48 (100 25(8) 48 (14) 140 (28) 120 (48) 84 (100)
Umtanum 32(3) 170 (14) 360 (21) 510 (59) 290 (100 130 (7) 250 (13) 1,000 (36) 600 (43) 470 (100)
Naches 46 (8) 58 (10) 440 (52) 140 (33) 140 (100 70 (9) 65 (8) 680 (57) 170 (28) 200 (100)
Union Gap 300 (11) 450 (17) 1,100 (27) 770 (38) 670 (10Q) 460 (13) 640 (18) 2,300 (43) 860 (32) 890 (100)
Sulphur Creek 34 (6) 110 (18) 320 (36) 200 (44) 150 (100 42 (6) 89 (12) 450 (40) 220 (39) 190 (100)
Grandview 560 (21) 650 (24) 1,300 (32) 550 (27) 670 (10Q) 920 (16) 1,000 (18) 4,400 (52) 650 (16) 1,400 (100)
Kiona 580 (25) 490 (21) 1,200 (34) 430 (24) 590 (10Q) 700 (16) 650 (14) 3,700 (56) 390 (12) 1,100 (100)
Nitrite plus nitrate
Cle Elum 38(6) 95 (15) 80 (8) 340 (71) 160 (100 140 (14) 160 (15) 300 (19) 390 (50) 260 (100)
Umtanum 1,100 (13) 1,300 (15) 2,300 (18) 3,200 (51) 2,100 (10P) 1,500 (16) 1,500 (15) 3,000 (21) 3,400 (47) 2,400 (100)
Naches 350 (27) 310 (24) 400 (21) 260 (27) 320 (10d) 440 (30) 330 (22) 500 (22) 270 (24) 370 (100)
Union Gap 2,200 (20) 2,600 (24) 3,500 (22) 3,000 (37) 2,700 (10p) 3,200 (24) 3,500 (25) 4,900 (24) 3,000 (29) 3,400 (100)
Sulphur Creek 2,600 (26) 2,300 (23) 2,300 (15) 2,500 (33) 2,500 (10P) 2,600 (26) 2,300 (23) 2,400 (16) 2,600 (35) 2,500 (100)
Grandview 13,000 (30) 11,000 (25) 9,300 (14) 9,700 (29) 11,000 (1d0) 15,000 (32) 12,000 (25) 12,000 (17) 10,000 (28) 12,000 (100)
Kiona 13,000 (33) 11,000 (27) 9,200 (15) 8,600 (29) 10,000 (140) 15,000 (32) 12,000 (25) 12,000 (17) 8,900 (25) 12,000 (100)
Soluble reactive phosphorus
Cle Elum 5.5(6) 16 (17) 20 (14) 44 (64) 23 (100 14 (10) 21 (14) 54 (25) 53 (49) 36 (100)
Umtanum 110 (11) 130 (12) 300 (19) 460 (59) 260 (10Q) 150 (13) 150 (12) 380 (21) 480 (53) 300 (100)
Naches 29 (16) 38 (20) 96 (35) 41 (30) 46 (100 37 (17) 40 (18) 120 (36) 44 (27) 55 (100)
Union Gap 520 (21) 600 (24) 720 (19) 650 (34) 630 (10d) 660 (23) 700 (24) 870 (20) 670 (31) 710 (100)
Sulphur Creek 77 (16) 99 (20) 160 (22) 140 (39) 120 (100 81 (17) 91 (19) 180 (25) 150 (42) 120 (100)
Grandview 810 (28) 820 (28) 750 (17) 600 (27) 730 (10d) 940 (27) 920 (26) 1,100 (21) 650 (25) 870 (100)
Kiona 790 (28) 770 (27) 750 (18) 570 (27) 710 (10Q) 900 (27) 870 (26) 1,200 (24) 580 (23) 840 (100)




melt season; additionally, they coincided with small loads differed by less than 14 percent—similar
and minimally varying sorbed phosphorus and  findings were noted during the 1989 WY (table 12).
ammonia plus organic nitrogen loads (table 12). This similarity in loads may be indicative of a

somewhat constant source of dissolved nutrients,

Loads of sorbed phosphorus and ammonia plus, oy a5 ground-water seepage and point sources,
organic nitrogen generally increased downstream Mhat is less diluted during the winter (larger concen-

_the ?a'ggsézm o;t?gs\ga\lj\}r\?a Rr:ver (talll)le 12). Dulr- trations, lower streamflow) and more diluted during
ing the an S, the smallest annua the irrigation season (smaller concentrations,

loads of sorbed phosphor_us (48 and 84 Ib/day higher streamflow).
[pounds per day], respectively) were measured at
Cle Elum and the largest (670 and 1,400 Ib/day, The Kittitas and Mid Valleys were important
respectively) were at Grandview. For ammonia plussSources of SRP, and loads from those basins were
organic nitrogen, the smallest loads (690 and 1,000comparable to inputs from the Lower Valley. For
Ib/day, respectively) were also at Cle Elum, but the example, the annual loads for the 1988 and
largest was measured at Union Gap (4,800 Ib/day}L989 WY at Union Gap were 89 and 84 percent of
inthe 1988 WY and at Grandview and Kiona (both the respective annual loads at Kiona (table 12).
7,100 Ib/day) in the 1989 WY. The presence of  During the irrigation season, most of the load at
larger loads nearer the terminus of the basin in thdJnion Gap was diverted for irrigation, and most of
1989 WY was probably a result of higher stream- the load at Kiona during this period was derived
flows and suspended sediment concentrations in thérom the irrigation return flow to the lower main
1989 WY. The annual mean streamflow for the  stem. In contrast, the annual nitrite plus nitrate
1989 WY was nearly 23 percent larger than for the loads for the 1988-89 WY increased only mini-
1988 WY. mally from Umtanum to Union Gap (table 12). The
annual load of nitrite plus nitrate during the 1988
and 1989 WYs at Union Gap were only 27 and

28 percent of the respective loads at Kiona, indicat-
ing that the Lower Valley was the major contributor
of nitrite plus nitrate—the Lower Valley also
remained a major contributor during the irrigation
son.

“Dissolved nutrients” are operationally defined
as nutrients measured in filtered water samples
(nitrite plus nitrate and SRP). In the Kittitas Valley
at Cle Elum, dissolved nutrient loads were small
and generally controlled by streamflow (tables 1
and 12). Even though mean daily dissolved nutrient
loads for the 1988-89 WY increased in the reach >¢2
from Cle Elum to Umtanum by 8 to 13 fold for In the Lower Valley, the mean daily nitrite plus
nitrite plus nitrate and SRP, these loads were smalhitrate loads among the seasons were fairly evenly
compared to those near the terminus of the basin.distributed throughout the year. The similarity
The 1988-89 WY annual loads for Umtanum were among loads was most notable at Sulphur Creek,
about 20 percent of those at Kiona for nitrite plus where the loads differed among the seasons during
nitrate and 36 percent of those at Kiona for SRP  the 1988-89 WY by a factor no greater than two
(table 12). (table 12). Figure 19 illustrates the inverse relation

Although increases in streamflow are com-  between streamflow and nitrite plus nitrate concen-

monly associated with increases in loads, the irrigatrations that resulted in the even load distribution.
tion season loads and the winter loads of nitrite plusThe increase in nitrite plus nitrate concentrations
nitrate and SRP did not follow this pattern at Union during the post-irrigation and winter seasons was
Gap and Naches. Instead, the respective loads  significant because it suggests a ground-water con-
remained similar between seasons, while the irriganection. Apart from rare winter storms, the Sulphur
tion season streamflows increased in comparison téreek Basin received minimal overland runoff dur-
the winter streamflows. During the 1988 WY, for ing the post-irrigation and winter seasons, yet the
example, the irrigation season streamflow (3,083 loads among seasons remained comparable. The
ft3/s) at Union Gap was more than twice that of win- principal nitrogen sources were probably ground-
ter, yet the respective SRP and nitrite plus nitrate water infiltration of nitrogen based fertilizers, spills

54



from feedlots, land based application of solid and tion and [or] streamflow diversions) exist in the
liquid forms of manure, urban activities (including reach. Differences between the measured and cal-
a sewage treatment plant), septic tanks, and atmoeulated loads might also be due to short term tem-
spheric deposition. poral variability (not truly steady conditions), errors
in measuring nutrient concentrations and stream-
flow, and unmeasured inflows, including ground-
water seepage.

In contrast, the mean daily SRP loads at Sul-
phur Creek varied among seasons with variations
in streamflow. SRP loads during the 1988 and
1989 WY's were larger during the higher stream- In the Kittitas Valley, the loads between
flows of the snowmelt and irrigation seasons, bothCle Elum (RM 183.1) and Umtanum (RM 140.4)
by a factor of two (table 12). This relation with  jncreased by more than a factor of two (3,900
streamflow suggests that SRP loads probably wergp/day) for total nitrogen and by a factor of four
affected by the same sources affecting nitrite pIu5(620 Ib/day) for total phosphorus, with no signifi-
nitrate loads, as well as overland runoff from irri- cgnt change in discharge (tables 13 and 14). These
gated agriculture. Quantification of the loading large increases were due mainly to the inputs from
from overland runoff during the irrigation season in \yiison and Cherry Creeks (RM 147.0), as well as
relation to the loading to Sulphur Creek via ground-f.om other irrigation drains. Contributions from
water seepage was not within the scope of this  cherry Creek alone accounted for 67 percent of the
Investigation. measured increase in the total nitrogen load and

27 percent of the total phosphorus increase between
Mass Balance during the July 1988 Synoptic Cle Elum and Umtanum. Additionally, point
Sampling sources such as the Ellensburg sewage treatment
plant (RM 151.5), which accounted for about

The dynamics of nutrient transport were stud- 7 percent of the increase in the total phosphorus
ied by computing total nitrogen and phosphorus load, and a feedlot contributed to the main stem
loads over 12 main stem reaches for the period ofload (tables 13 and 14).

July 26-29, 1988 (tables 13 and 14). For each
reach, the values of load input/output from tributar-
ies (tributary inflowing) and canal diversions (canal _
outflowing) were calculated. The load at the down-the Yakima sewage treatment plant (RM 111.0)
stream site was then calculated by applying these @Ppeared to be the major sources of totgl nitrogen
inputs/outputs to the measured load at the upstrearff-900; 1,400; and 1,600 Ib/day, respectively) and
site. This calculated load was compared to the med©t@l phosphorus (440, 160, and 510 Ib/day, respec-
sured load at the downstream site, and the differ- fively) between Umtanum and Union Gap (RM
ence between the two loads was computed. This 107.3) (tables 13 and 14). Moxee Drain (RM 107.3)
type of analysis is termedass balanceand the ~ Was also a major source of total nitrogen (700
smaller the difference between the measured and [b/day) and total phosphorus (120 Ib/day). In the
calculated loads, the better the mass balance for theower Valley, the Wapato (RM 106.7) and Sunny-
reach. For comparison, mass balance calculationsside (RM 103.8) Canals diverted approximately
also were made for streamflow, a relatively conser97 percent of the main stem streamflow at Union
vative measure. A positive difference between theGap, and, therefore, reduced the main stem total
measured and calculated nutrient loads or stream-itrogen and total phosphorus loads similarly. Total
flows implies that unmeasured contributions (from nitrogen and total phosphorus loads at Zillah (RM
point or nonpoint sources and [or] resuspension 0©01.2), below the Wapato and Sunnyside Canal
streambed sediment) to the measured load exist. Aliversions, were less than 10 percent of the loads
negative difference, however, implies that unac- measured at Union Gap (tables 13 and 14). There-
countable losses (from suspended sediment depodbre, the direct effect of the Kittitas and Mid Valley

In the Mid Valley, the Naches River (RM
116.3), Roza power plant return (RM 113.3), and
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Table 13. Estimated mass balances for instantaneous streamflows and total nitrogen loads in the main stem, selected major tributaries, and canals, Yakima River

Basin, Washington, July 26-29, 1988

[Difference, calculated subtracted from measubedt] site name main stem sitef}], tributary inflowing site: , canal outflowing site; --, not applicable; nd, no data; canal loads are calculated using

total nitrogen concentrations in the Yakima River near the point of diversion; N, streamflow entitlement for a diversiin estiragte; No., number; loads in parentheses are not included in the

calculations of main stem load]

Streamflow (cubic feet per second [ft  3/s]) |Total nitrogen load (pounds per day)
Main stem Main stem
= () = [0}
v | £ £ 2\ pe £) E§ 2|2
| Rver | 83 5|28 E2| § 3 8|33 Es
Site name mile = S 5| EE &3 = 3 6| EE 83
Kittitas Valley
Yakima River below Keechelus Dam 214.4 841 -- -- -- -- nd nd ng -- --
00 Kachess River 203.5 - - - 872 - - - - nd -
O Kittitas Main Canal at Diversion at Easton 202.5 - -- - -- 1,12p -- -- - - nd
[ Cle Elum River below Cle Elum Lake 185.6 - -- - 3,050 - -- -- - nd --
Yakima River at Cle Elum 183.1 3,780 3,640 +140 -- --| 13,300 nd nd -- --
O Cle Elum sewage treatment plant 180.6 -- - - 1.0 - -- -- - 30 --
O Teanaway River Below Forks near Cle Elum 176.1 -- -- -- 37 - -- -- - %59 --
O Taneum Creek 166.1 - - - 8 - - - - 3% -

[ West Side Ditch 166.1 - . - - %105 N - - . . 91
Yakima River at Thorp Highway Bridge at Ellensburg 165.4 3,590 3,720 -130 - - 4,500 3,304 +1,1j96 - -
0 Town Canal 161.3 - - - - 110N - - - - 140
jCascade Canal 160.3 - - - - 4150 N - - - - 190
O Miscellaneous small diversions (each less than%)ft 160-155.5] - -- - - 9175 -- -- - - 370E
0 Miscellaneous small irrigation returns (each less than3Bs) ft 160-155.5] -- -- - | 5170 -- -- -- -1 2,300 E -

O Manastash Creek 154.5 -- - - 35E - - - 6130 E --

O Ellensburg sewage treatment plant 151.5 -- -- -- 6.5 - - - -- 75 --
0 Wilson Creek above Cherry Creek at Thrall 147.d -- -- k- 83 - -- - -- 510 --
O Cherry Creek at Thrall 147.0 -- -- - 127 -- -- - F- 2,600 -
Mid Valley
Yakima River at Umtanum 140.4 3,800 3,580 +220 -- -- 7,200 9,415  -2,215 -- --
O Umtanum Creek 139.8 - . - 5E - - - - BE .
Roza Canal 127.9 - . - - %920E . - - - 3,600E
] Selah/Moxee Canal 123.6 - - - - ‘80N - - - - 150
Yakima River at Harrison Road Bridge near Pomona 121.7 1,800 1,800 +0 - - 4,100 3,455 +645 - -
O Selah sewage treatment plant 117.0 -- -- = 1.6 - -- - -- 100 --
O Naches River near North Yakima 116.3 -- - + 328 - -- - - 6,900 --
O Moxee Canal 115.9 - - - - S45E - - - -  230E
(0 Roza Power Plant Return Flow 113.3 -- -- 14755 E -- -- -- --| 1,400 E --
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Table 13. Estimated mass balances for instantaneous streamflows and total nitrogen loads in the main stem, selected major tributaries, and canals, Yakima River

Basin, Washington, July 26-29, 1988—Continued

[Difference, calculated subtracted from measubedt] site name main stem sitef}], tributary inflowing site: , canal outflowing site; --, not applicable; nd, no data; canal loads are calculated using
total nitrogen concentrations in the Yakima River near the point of diversion; N, streamflow entitlement for a diversiin estiragte; No., number; loads in parentheses are not included in the
calculations of main stem load]

Streamflow (cubic feet per second [ft  3/s]) |Total nitrogen load (pounds per day)
Main stem Main stem
o [} o (o)
vma | € §  glzg £ E g gl =2 £
River 2 3 5| 52 =g @ 3 o| 38 g8
Site name mile 2 S £ E = 8 % g S £ E £ 8 E
Mid Valley—Continued

O Yakima sewage treatment plant 111.0 -- - - 26 + - - - 1,600 -

(0 Wide Hollow Creek near Mouth at Union Gap 107.4 -- - - 26 - -- -- -- 220 --

[0 Moxee sewage treatment plant 107.3 -- -- - (1) + -- -- -- (11) --

[0 Moxee Drain at Thorp Road near Union éap 107.3 -- -- -- 79 -- -- -- = 700 --

Lower Valley

Yakima River above Ahtanum Creek at Union Gap 107.3 2,940 2,970 -30 -- - 5,700 14,790 -9,090 -- --

0 Ahtanum Creek at Union Gap 106.9 -- -- - 7.1 - -- -- -- 33 --

] Wapato Canal 106.7 - -- -- - 81,700 E -- -- - - 3,300 E

g Sunnyside Canal 103.8 -- -- -- - 81150 E -- - -- -- 2,200 E
Yakima River at river mile 91 at Zillah 91.2 9163 97.1 +65.4 - - 440 233 +207 - -

O Zillah sewage treatment plant 89.2 - - - .3 - - - - 12 -

O East Toppenish Drain at Wilson Road near Toppenish 86/0 - - - 30 - - - - 730 -

(0 Sub-Drain No. 35 at Parton Road near Granger 83|2 - -- -- 34 - - -- -- 480 -

[ Granger sewage treatment plant 82.8 -- - H- 3) - -- -- -- ) --

0 Granger Drain at mouth near Granger 82.9 -- - -- 49 -- - - -- 1,000 -
Yakima River at Highway 223 Bridge above Marion Drain at Granger 82.7 282 276 +6 -- -- 2,100 2,662 -562 -- --

O Marion Drain at Indian Church Road at Granger 82. -- -- -- 39 -- -- -- -- 610 --

O Toppenish Creek at Indian Church Road near Granger 80.4 -- -- - 54 - - -- -- 840 -
Yakima River below Toppenish Creek at river mile 78.1 78.1 428 375 +53 -- - 4,200 3,550 +650 -- --

0 Coulee Drain 77.0 - - - 28 - - - 1 8320 -
Yakima River at river mile 72 above Satus Creek near Sunnyside 72.4 513 456 +57 -- -- 4,100 4,520 -420 - -

O Satus Creek at gage at Satus 69. - -- -- 84 -- -- -- -- 1,200 --

0 South Drain 69.3 - - - | 1082 - - - - | %1,600 -

O Drainage Improvement District (DID) No. 7 65.1 - - 1525 E - - - --| Y500 E -

O Sunnyside sewage treatment plant 61.¢ - -- -- 3.1) = - -- -- (120) -

O Sulphur Creek Wasteway near Sunnyside 61.p - - - 151 - - - -- 2,900 -

(0 Mabton sewage treatment plant 60.5 -- - - 9 -+ -- -- -- 15 -

0 Satus Drain 303 60.2 - - —|%0E - - - —| 2740E -
Yakima River at Euclid Bridge at river mile 55 near Grandview 55.0 972 916 +56 -- -- | 210,000 11,055 -1,05% -- --

[ Chandler Canal at Bunn Road at Prosser 474 - - - 13308 - - - - 8,300

O Prosser sewage treatment plant 46.9 -- -- -- 1.7 - -- - -- 38 --
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Table 13. Estimated mass balances for instantaneous streamflows and total nitrogen loads in the main stem, selected major tributaries, and canals, Yakima River
Basin, Washington, July 26-29, 1988—Continued
[Difference, calculated subtracted from measubedt] site name main stem sitef}], tributary inflowing site: , canal outflowing site; --, not applicable; nd, no data; canal loads are calculated using

total nitrogen concentrations in the Yakima River near the point of diversion; N, streamflow entitlement for a diversiin estiragte; No., number; loads in parentheses are not included in the
calculations of main stem load]

Streamflow (cubic feet per second [ft  3/s]) |Total nitrogen load (pounds per day)
Main stem Main stem
= () = [0}
vaa | 8 £ 222 £ B g 2l 2= £
_ e | & 3 5| 23 EE| § 3 g| £F If
Site name mile s o 6| EE O3 s o a| EE O3
Lower Valley—Continued
Yakima River above Snipes Creek and Spring Creek near Whitstran 43.0 206 166 +40 -- -- 1,900 1,738 +162 - -
0 Spring Creek at mouth at Whitstran 41.8 -- - - 24 - -- -- - 170 --
O Snipes Creek at mouth at Whitstran 41.9 - - - 33 - - -- - 100 -
0 Chandler Power Return 35.8 - -- -] %527 - -- -- --| 5,400 E --
JKiona Canal 34.9 - - - - %3N - - - - 220
O Corral Canyon Creek at mouth near Benton 33.5 -- -- -- 16 -- -- -- -2200 -
Yakima River at Kiona 29.9 854 783 +71 -- - 6,900 7,550 -65%0 - -
[ Columbia Canal 18 . - - - *“00E - . - - B810E
O Richland Canal 18 - - - - “5E - - - - 360E
Yakima River at Van Geisan Bridge near Richland 8.4 706 709 -3 - - nd 5,730 - - -

1 oad is based on concentrations measured July 12, 1988.

2Load is based on concentrations measured during the July 1987 synoptic survey.

3Load is based on concentrations measured September 18, 1990.

4Don Schramm, Bureau of Reclamation, oral commun., June 28, 1994,

5Bureau of Reclamation and Soil and Conservation Service, 1974.

6L oad is based on concentrations measured during the August 1986 preliminary synoptic survey.

"The values reported for this site are the means of four daily measurements made from July 26-29, 1988.

8Dain mean streamflow for the period July 26-29, 1988 (Don Schramm, Bureau of Reclamation, oral commun., June 29, 1994).

9Streamflow in the Yakima River below the Parker diversion into Sunnyside Canal (river mile 103.7) ranged from 75 s 86/7tfte period July 26—29, 1988 (Don Schramm, Bureau of
Reclamation, oral commun., June 29, 1994).

10streamflow was measured June 27, 1989.

14 pad is based on the calculated total nitrogen concentration from South Drain (river mile 69.3).

12 pad is based on the average (1.9 milligrams per liter [mg/L]) of concentrations measured on July 28, 1988 at 0915 (A8 10dQ JBR5 mg/L).

1381 s were diverted into the Kennewick Canal at the Chandler power return at river mile 35.8 (Don Schramm, Bureau of Reatahtatiomun., June 28, 1994).
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Table 14. Estimated mass balances for instantaneous streamflows and total phosphorus loads in the main stem, selected major tributaries, and canals, Yakima

River Basin, Washington, July 26-29, 1988

[Difference, calculated subtracted from measubedd site name main stem site], tributary inflowing site 0 , canal outflowing site; --, not applicable; nd, no data; canal loads are calculated using
total phosphorus concentrations in the Yakima River near the point of diversion; N, streamflow entitlement for a diversirestéimadte; No., number; loads in parentheses are not included in the

calculations of main stem load]

Streamflow (cubic feet per second [ft 3/s]) Total phosphorus load (pounds per day)
Main stem Main stem
9 Q 9 [}
vma | € £ gz £/ E £l 22 £
River a 3 g| 3 3 2 @ 3 g| 3 3 g2
Site name mile = S 6| FE S3 — S 56| EE 83
Kittitas Valley
Yakima River below Keechelus Dam 214.4 841 -- -- -- -- nd nd ng -- --
O Kachess River 203.5 -- -- -- 872 -- -- -- - nd --
g Kittitas Main Canal at Diversion at Easton 202.5 -- - - - 1,12p -- - -- -- nd
[ Cle Elum River below Cle Elum Lake 185.6 -- -- - 3,050 - - - -- nd --
Yakima River at Cle Elum 183.1 3,780 3,640 +140 - -| 1200 nd -- -- --
0 Cle Elum sewage treatment plant 180.6 -- - - 1.0 - - -- -- 12 --
0 Teanaway River Below Forks near Cle Elum 176.1 -- -~ 37 - -- -- - 2 --
O Taneum Creek 166.1 . - - 8 - - - - 34 -
0 West Side Ditch 166.1 - - - - 4105 N - - - - 6
Yakima River at Thorp Highway Bridge at Ellensburg 165.4 3,590 3,720 -130 - - 970 208 +762 - -
0 Town Canal 161.3 - -- -- - “110N -- - -- -- 30
Cascade Canal 160.3 - - = - 4150 N - -- - - 40
O Miscellaneous small diversions (each less thang’M)ft 160-155.5 - -- -- - %175 - - -- -- B8E
[0 Miscellaneous small irrigation returns (each less than3B§) ft 160-155.5 - -- - | %170 - - - - 190E -
0 Manastash Creek 154.5 - - - 35E - - - 813 E -
O Ellensburg sewage treatment plant 151.5 -- -- -- 6.5 - -- -- -- 42 -
O Wilson Creek above Cherry Creek at Thrall 147.0 - -- - 83 - -- -- -- 72 -
O Cherry Creek at Thrall 147.0 -- -- -- 127 -- -- -- k- 170 --
Mid Valley
Yakima River at Umtanum 140.4 3,800 3,580 +220 - - 820 1,329 -5p9 - -
0 Umtanum Creek 139.8 -- -- -- 5E -- - -- - RE --
Roza Canal 127.9 -- - -- - 4,920E - - -- -- 410E
1 Selah/Moxee Canal 123.6 - -- -- - 480N -- -- - - 17
Yakima River at Harrison Road Bridge near Pomona 121.7 1,800 1,800 +0 -- -- 1,400 395 +1,0p5 -- --
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Table 14. Estimated mass balances for instantaneous streamflows and total phosphorus loads in the main stem, selected major tributaries, and canals, Yakima

River Basin, Washington, July 26—29, 1988—Continued

[Difference, calculated subtracted from measubedfj site name main stem sitel}], tributary inflowing site O , canal outflowing site; --, not applicable; nd, no data; canal loads are calculated using

total phosphorus concentrations in the Yakima River near the point of diversion; N, streamflow entitlement for a diversirestimadte; No., number; loads in parentheses are not included in the

calculations of main stem load]

Streamflow (cubic feet per second [ft  3/s]) Total phosphorus load (pounds per day)
Main stem Main stem
9 Q 9 Q
vaa | 8§ 2lepe 50 B2 222 £
. e | 8 3 3| 23 EE| § 3 3| 23 T
Site name mile s o a|l FE 03 = o 6| EFE O3
Mid Valley—Continued
0 Selah sewage treatment plant 117.0 - - - 1.6 - -- - - 55 -
O Naches River near North Yakima 116.3 -- -- + 328 - - - - 440 --
[JMoxee Canal 115.9 - - - - %45E - - - - 39E
0 Roza Power Plant Return Flow 113.3 - - 4755 E - -- - -| 160E -
0 Yakima sewage treatment plant 111.0 -- -- - 26 + -- -- -- 510 --
0 Wide Hollow Creek near Mouth at Union Gap 107.4 -- -- - 26 - - -- -- 18 --
0 Moxee sewage treatment plant 107.3 - - - (1) + - - - 3) -
0 Moxee Drain at Thorp Road near Union Gap 107.3 - - - 79 - - - - 120 -
Lower Valley
Yakima River above Ahtanum Creek at Union Gap 107.3 2,940 2,970 -30 - - 1,400 2,664 -1,264 - -
0 Ahtanum Creek at Union Gap 106.9 - -- - 7.1 - - -- -- 5 --
[ Wapato Canal 106.7 - - - - 8700 E - - - - 820E
0O Sunnyside Canal 103.8 -- -- -- - 81150 E -- -- -- - 560 E
Yakima River at river mile 91 at Zillah 91.2 9163 97.1 +65.9 - -- 44 25 -19 - -
0 Zillah sewage treatment plant 89.2 - -- - 3 - - -- -- 14 --
0 East Toppenish Drain at Wilson Road near Toppenish 86.p -- -- - 30 - - -- -- 51 --
0 Sub-Drain No. 35 at Parton Road near Granger 83.2 -- -- -- 34 -- -- -- -- 16 -
0 Granger sewage treatment plant 82.8 - - k- (:3) - - - - (6) -
0 Granger Drain at mouth near Granger 82.8 - - -- 49 -- - - - 190 -
Yakima River at Highway 223 Bridge above Marion Drain at Granger 82.7 282 276 +6 - - 210 315 -102 - -
0 Marion Drain at Indian Church Road at Granger 82.6 -- - -- 39 -- -- - -- 17 --
[ Toppenish Creek at Indian Church Road near Granger 80{4 - -- -- 54 -- -- -- - 32
Yakima River below Toppenish Creek at river mile 78.1 78.1 428 375 +53 - -- 370 259 +111 -- --
0 Coulee Drain 77.0 - - - 28 - - - - 69 -
Yakima River at river mile 72 above Satus Creek near Sunnyside 72.4 513 456 +57 -- -- 280 379 -99 -- --
[ Satus Creek at gage at Satus 69.6] - -- -- 84 -- -- -- - 59 --
O South Drain 69.3 - - - | %82 - - - - 657 -
O Drainage Improvement District (DID) No. 7 65.1 - . 1525 E . . - —-| 118 E .



T9

Table 14. Estimated mass balances for instantaneous streamflows and total phosphorus loads in the main stem, selected major tributaries, and canals, Yakima
River Basin, Washington, July 26—29, 1988—Continued
[Difference, calculated subtracted from measubedfj site name main stem sitel}], tributary inflowing site O , canal outflowing site; --, not applicable; nd, no data; canal loads are calculated using

total phosphorus concentrations in the Yakima River near the point of diversion; N, streamflow entitlement for a diversirestimadte; No., number; loads in parentheses are not included in the
calculations of main stem load]

Streamflow (cubic feet per second [ft  3/s]) Total phosphorus load (pounds per day)
Main stem Main stem
9 Q 9 Q
vaa | 8§ 2lepe 50 B2 222 £
Site name mile s o a|l FE O3 = o a| EE O3
Lower Valley—Continued
0 Sunnyside sewage treatment plant 61.0 -- - -~ (3.2) - -- -- - (35) --
O Sulphur Creek Wasteway near Sunnyside 61.0 -- -- -- 151 -- -- -- -- 200 -
0 Mabton sewage treatment plant 60.5 -- -- - 9 -+ -- -- -- 40 --
O Satus Drain 303 60.2 - - -|%60 E - - - —-| %8E -
Yakima River at Euclid Bridge at river mile 55 near Grandview 55.0 972 916 +56 - -- 680 712 -32 - -
[jChandler Canal at Bunn Road at Prosser 47.1 . - - 12808 . . - - 570
0 Prosser sewage treatment plant 46.5 -- -- -- 1.7 k- -- -- - 160 --
Yakima River above Snipes Creek and Spring Creek near Whitstran 43.0 206 166 +40 - - 240 270 -30 - -
O Spring Creek at mouth at Whitstran 41.8 - - - 24 - - - - 17 -
[ Snipes Creek at mouth at Whitstran 41.8 - -- - 33 - -- -- - 16 --
O Chandler Power Return 35.8 - - - 4527 - - - -| 370E -
O Kiona Canal 34.9 -- - - - ‘%3N - - - - 19
[ Corral Canyon Creek at mouth near Benton 33.5 -- -- - 16 - -- -- - %7 --
Yakima River at Kiona 29.9 854 783 +71 -- - 640 631 +9 -- --
[ Columbia Canal 18 - - - - *00E - - - - T5E
JRichland Canal 18 - - - - M5E - - - - 34E
Yakima River at Van Geisan Bridge near Richland 8.4 706 709 -3 -- - nd 531 + -- --

1Load is based on concentrations measured July 12, 1988.
2Load is based on concentrations measured during the July 1987 synoptic survey.
3Load is based on concentrations measured September 18, 1990.
4Don Schramm, Bureau of Reclamation, oral commun., June 28, 1994.
5Bureau of Reclamation and Soil Conservation Service, 1974.
6Load is based on concentrations measured during the August 1986 preliminary synoptic survey.
"The values reported for this site are the means of four daily measurements made from July 26—29, 1988.
8Daily mean streamflow for the period July 2629, 1988 (Don Schramm, Bureau of Reclamation, oral commun., June 29, 1994).
9Streamflow in the Yakima River below the Parker diversion into Sunnyside Canal (river mile 103.7) ranged from 75/0f60Tht period July 26-29, 1988 (Don Schramm, Bureau of
Reclamation, oral commun., June 29, 1994).
10streamflow was measured June 27, 1989.
14 oad is based on the calculated total phosphorus concentration from South Drain (river mile 69.3).
12581 s were diverted into the Kennewick Canal at the Chandler power return at river mile 35.8 (Don Schramm, Bureau of Reafahtatiomun., June 28, 1994).



loads on the lower main stem was minimized. Thein the Mid and Lower Valley. The presence of a
indirect effect of irrigation water diverted around large proportion of the total nitrogen as nitrite plus
Zillah and returned later through lower basin drains, nitrate is significant because nitrite and nitrate are
however, may have been considerable. readily used by algae and rooted aquatic plants.
Such aquatic growth was present downstream from
In the lower main stem downstream from Zil- RM 60 (near Sunnyside).
lah, agricultural drains were the primary source of . .
flows and nutrient loads during the synoptic period.  Total phosphorus concentrations alsq mcrea;ed
Total nitrogen and total phosphorus loads at Zillah Py a factor of 10 between Cle Elum and Kiona, with
were only 4.4 and 6.5 percent, respectively, of theconcentrations ranging from 0.1 to 0.2 mg/L
loads measured at Grandview (RM 55). In fact, Petween Grandview and Kiona. Sewage treatment
67 percent of the total nitrogen and 74 percent of Plants and suspended sediment from the tributaries
the total phosphorus loads in the main stem at ~ Were considered to be primary sources. Sulphur
Grandview were derived from four agricultural ~ Creek Wasteway provided a significant input of
drains: Granger Drain (RM 82.8), Satus Creek  phosphorus to the main stem.
(RM 69.6), South Drain (RM 69.3), and Sulphur The similarity between irrigation and winter
Creek Wasteway (RM 61.0) (tables 13 and 14). Theseasonal loads of nitrite plus nitrate and SRP at
total nitrogen load decreased between Grandview; P LT
and Kiona (RM 29.9), with most of the decrease Union Gap and Naches River may b_e |nd|cat|_ve of
resulting from the net diversion of 2,900 Ib/day into a somewhat constant source of nutrients, typical O.f
Chandler Canal (8,300 Ib/day diverted into Chan- reaches faffected by grognd—water seepage and point
dler Canal [RM 47.1] and 5,400 Ib/day returned source discharges. Additionally, the doubling of the

through the Chandler Power Return [RM 35.8]) and SR+ l0ad between Umtanum and Union Gap is

subsequently into Kennewick Canal. Similarly indicative of a substantial source of SRP upstream
total phosphorus loads were decreased by 200

from Union Gap. The fairly even distribution of
Ib/day between Grandview and Kiona: however nitrite plus nitrate loads among the seasons at Sul-
this decrease was less notable as a result of the

phur Creek implies that nitrogen based fertilizers
160 Ib/day contribution from the Prosser sewage Were infiltrating shallow ground water and subse-

treatment plant (RM 46.5). Therefore, the result  duently discharging to Sulphur Creek. Other possi-

was a net decrease of 40 Ib/day of total phosphorud!€ nitrogen sources included animal waste runoff
in this reach (tables 13 and 14). from feedlots and the land-based application of

solid and liquid forms of manure.

The large streamflows associated with the
Implications for Water Resource Monitoring and snowmelt season were important in the transport of
Regulation suspended sediment and associated nutrients from
the Yakima River Basin to the Columbia River. As
The median total nitrogen and total phosphorus@ result, streamflow management activities that
concentrations were 8 and 19 times, respectively, increase the storage of snowmelt runoff may reduce
larger at the agricultural sites than at the forested the flushing or transport of sediment sorbed nutri-
sites. The pattern of low concentrations from forest€Nts out of the upper basin and consequently
dominated sites and high concentrations from agrid€crease the supply of nutrients to nuisance aquatic
culturally dominated sites underscores the signifi- Plants in the lower basin.
cance of agricultural activities on water quality in

the Yakima River Basin. Pesticides and Other Organic Compounds

The large downstream increase (factor of 10) in
total nitrogen concentrations between Cle Elum andBY Joseph F. Rinella
Kiona emphasizes the impact of agricultural fertil-
izers, beef and dairy practices, and sewage from Hundreds of different man-made organic com-
municipal and septic tank sources on water qualitypounds are used annually in industry, forestry, and
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agriculture in the Yakima River Basin. Some the production and quality of agricultural crops.
of these compounds are hydrophobic and sorb  Although pesticide use in the basin has been and
onto soil particles and stream sediment, whereas continues to be extensive, historically, relatively

other compounds are hydrophilic and readily few water-quality samples have been collected
dissolve in water. Several of these compounds  to determine the spatial distribution and temporal
are lipophilic and tend to accumulate in fatty variation of pesticide concentrations in the aquatic

tissues of aquatic biota. Sources of organic com- environment. The small amount of data available
pounds from agricultural return flow, stormwater prior to 1987 showed that concentrations of many
runoff, ground-water seepage, and municipal and pesticides in water were less than the conventional
industrial effluent can result in the direct transport minimum reporting levels. These minimum report-
of these compounds into surface water. The ease dihg levels, however, were too high for water man-
transport of these potentially toxic compounds into agers to adequately assess stream quality conditions
streams makes knowledge of their occurrence antecause the reporting levels sometimes exceeded
behavior essential for water management in the levels of environmental concern. Consequently,
basin. research procedures were developed in this study to
_ _ _ reduce minimum reporting levels by a factor of 10
. This 'sectlon of th_e réport summarizes an or more by analyzing large sample volumes—up to
interpretive report (Rinella and others, 1999) 120 liters (L) for filtered water and 224 L for the

on the occgrrence, d|str|but_|o_n, transport, fate, . suspended phase (Rinella, McKenzie, Crawford,
and potential effects of pesticides and other organic

compounds in streams in the Yakima River Basin.and others, 1992).
Organic compound data were collected from about  |n 1989, about 180 pesticides were applied
100 sampling sites during the 1987-91 WY in the Yakima River Basin. Fifty-four of these
(Rinella, McKenzie, Crawford, and others, 1992). compounds were analyzed in this study, and 43
Because of intense irrigation and pesticide use in ¢ the 54 compounds analyzed (80 percent)
the agricultural areas, one focus of this study was were detected at trace or quantifiable concen-
on agricultural pesticides. The study was deSigneqrations in soil, bed sediment, suspended sediment
to provide information on major natural and human water. and (or') aquatic biota’at one or More Sam- ’
factors that affect (1) the spatial distribution of o . .

pling sites. Including other organic compounds

organic compound concentrations in water, sus- : o ) L
pended sediment, bed sediment, and aquatic biota{:\ssomated with industrial and urban activities, as

(2) the seasonal variations of organic compound well as persistent pesticide; that were used histori-
concentrations and loads in streams, (3) the suit- Cally, more than 110 organic compounds were
ability of surface water for the protection of aquatic 9étected in Yakima River Basin streams during the
biota and human health, on the basis of Federal and987-91 WY.

State water-quality guidelines, criteria, and regula-

tions, and (4) the patterns of organic compound
concentrations that are common among water,
sediment, and aquatic biota. In this study, water,

. . . Earlyinthe study, seasonal fixed-site data were
suspended sediment, streambed sediment, aquatic ; o
. : . Collected to determine the temporal variation of
biota (fish, crayfish, mollusks, and plants), and

) . pesticide concentrations in the streams. These data
agricultural soils were collected and analyzed . :
) - . were used to design and conduct a synoptic study to
for a variety of pesticides and other organic com-

pounds that have been or continue to be used in th etermine the spatial distribution, sources, and
basin transport of pesticides during a period when com-

pound concentrations and loads were expected to be
Estimates of pesticide use indicate that about high. The seasonal data were collected from eight
3 million kilograms (3,300 tons) of active ingredi- sites (one pristine forested site, five agricultural
ents were applied in the basin in 1989 to increase return flows, one urban site, and one main stem site)

Temporal Variation
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in May, June, July, August, and November 1988, surface water and the mass of soil decreases from
and March 1989. the high concentrations in the fields (about
2,000,000 milligrams of dry soil per liter of moist
soil) to lower concentrations in agricultural return
flows (typically 500 mg/L or less), equilibrium par-
titioning favors desorption of hydrophilic com-
pounds into the dissolved phase. For example, more
than 99 percent of the total diazinon mass will
equilibrate into the dissolved phase in the agricul-
tural returns (table 16).

In 1988, concentrations of soluble and rela-
tively insoluble pesticides generally began to
increase in agricultural runoff in June in response to
increased irrigation runoff following springtime
pesticide applications (table 15). This pattern of
occurrence in the Yakima River Basin is similar to
the runoff pattern of herbicides in the Mississippi
River and other streams in the Midwestern United
States, where the highest concentrations occurredin  |n the Yakima River Basin, pesticide concen-
response to flushing by late spring and early sum-trations decreased by the end of the irrigation sea-
mer rainfall immediately following pesticide appli- son because of decreases in pesticide application,
cations (Thurman and others, 1991). Unlike the  erosion, and overland runoff (table 15). Pesticides
Midwestern streams, however, rainfall in the that were applied early in the growing season also
Yakima River Basin was low during the spring and had increased time to undergo chemical and biolog-
summer periods following pesticide applications. ical degradation and volatilization throughout the
As a result, irrigation at or near peak water use  summer months. Compounds persistent in soils,
flushed relatively high pesticide loads and concenhowever, continued to be transported throughout
trations to streams in June and July. In addition, the year, especially during storm runoff from agri-
high pesticide loads and concentrations were  cultural areas. Annual precipitation in the agricul-

flushed to the streams in the Yakima River Basin bytural areas was typically small (less than 10 inches).
storm runoff from agricultural fields, as observed in

March 1989 (table 15).
Spatial Distribution

The highest concentrations of suspended sedi-
ment also occurred in June and July 1988 and dur-
ing storm runoff in March 1989 (table 15), thereby Stream Water
suggesting that eroding soil was associated with the
transport of sorbed pesticides from fields to streams  Pesticide concentrations in the Yakima River
during periods of overland flow. Theoretical equi- Basin are controlled primarily by dilution from

librium-partitioning calculations indicate that streamflow from the upper basin and pesticide
hydrophilic and hydrophobic compounds with contributions from agricultural areas. During the
sediment-water partition coefficients {§ larger irrigation season, streamflow throughout the basin

than about 85 mL/g (milliliters per gram) are sorbed is regulated extensively by storage reservoirs and
mostly to soils prior to soil erosion (fig. 22; for per- irrigation diversions. Upstream from the Roza
spective, [2,4-dichlorophenoxy] acetic acid [2,4-D] Canal diversion (RM 127.9), streamflow in the

is a hydrophilic compound with agKof 20 mL/g,  Yakima River is augmented by releases from three
and 4,4’-dichlorodiphenyltrichlorethane [DDT] is large storage reservoirs, which result in main stem
a hydrophobic compound with g Kof about flows that typically range from 3,000 to 4,000/
240,000 mL/g). For example, diazinon is highly  (fig. 23). In this upper reach, agricultural returns
soluble in water and has g,Kof 85 mL/g. For soils  from the Kittitas Valley convey pesticides to the

in the Yakima River Basin containing 1 percent Yakima River, where flow augmentation substan-
organic carbon, about 64 percent of the diazinon tially dilutes the pesticide concentrations in the

in the fields is theoretically sorbed to soil particles main stem. Downstream from the Wapato and Sun-
and 36 percent is associated with soil-pore water. nyside Canal diversions (RMs 106.7 and 103.8,
As the soils and soil-pore water are flushed and (or)respectively), streamflow in the Yakima River is
eroded by irrigation water in overland flow, both reduced to only a few hundred cubic feet per sec-
the sorbed and soluble phases of diazinon are tranend. Many of the agricultural return flows drain
ported to the streams. Once the soil is suspended iimto the lower Yakima River and typically account
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Table 15.Concentrations of selected pesticides and suspended sediment in unfiltered water samples, Yakima River Basin, Washington,

1988-89

[A range of values is shown when multiple determinations were made in a month, otherwise the values are for one sample HDIDDkRREdichlorodiphenyl-
trichloroethane plus 4,4’-dichlorodiphenyldichloroethylene plus 4,4’-dichlorodiphenyldichloroethane; <, less than; --, vaildble; & highest concentration at site;
** second highest concentration at site; data in this table are adapted from Rinella, McKenzie, Crawford, and others (1992)]

Concentration (nanograms per liter)

August/
September November December
Site name May 1988 June 1988 July 1988 1988 1988 March 1989 1989
DDT + DDE + DDD

Cle Elum River above Cle Elum Lake <3 <3 <3 <3 <3 <3 -
Cherry Creek at Thrall 2 1 4> 4 2 39* --
Moxee Drain at Thorp Road 8-9 21-42% 31-76* 14 3 5 -
Wide Hollow Creek near mouth 4 10%* 4 2 1 91* -
Granger Drain at mouth 41 40-110** 96-122* 36 19 28 -
Toppenish Creek at Indian Church Road 1 1 2%* 1 5* <3 -
Sulphur Creek Wasteway near Sunnyside 12 27-51* 35%* 13-14 10 6 -
Yakima River at Kiona S <3-3 1 2 1 14* 1

Dieldrin
Cle Elum River above Cle Elum Lake <1 <1 <1 <1 <1 <1 -
Cherry Creek at Thrall 3 3 12+ 5 1 41* -
Moxee Drain at Thorp Road 1 <1-4** 6-8* 2 <1 <1 --
Wide Hollow Creek near mouth 2%* 2%* 3* <1 2%% <1 -
Granger Drain at mouth 6 <1-9** 17-30* 8 5 <1 -
Toppenish Creek at Indian Church Road 1 7* 3r* 1 <1 <1 -
Sulphur Creek Wasteway near Sunnyside 2 <1-5 14-15* 6** 4 3 -
Yakima River at Kiona 1 <1-2** 3* 2%* <1 <1 <1

Diazinon
Cle Elum River above Cle Elum Lake <10 <10 <10 <10 <10 <10 --
Cherry Creek at Thrall <10 <10 <10 <10 <10 <10 --
Moxee Drain at Thorp Road <10 10-370%* 130-630* 30 <10 <10 --
Wide Hollow Creek near mouth <10 120* 10** <10 <10 <10 -
Granger Drain at mouth <10 <10-10 10-30* 10** <10 <10 -
Toppenish Creek at Indian Church Road <10 <10 150* 10** <10 <10 -
Sulphur Creek Wasteway near Sunnyside <10 <10-20** 10-20* <10-10 <10 <10 -
Yakima River at Kiona <10 <10-30** 250*% 10 <10 <10 <10

Parathion
Cle Elum River above Cle Elum Lake <10 <10 <10 <10 <10 <10 --
Cherry Creek at Thrall <10 <10 <10 <10 <10 <10 --
Moxee Drain at Thorp Road <10 <10 10-100* <10 <10 <10 -
Wide Hollow Creek near mouth <10 10* <10 <10 <10 <10 --
Granger Drain at mouth <10 <10 <10 <10 <10 <10 --
Toppenish Creek at Indian Church Road <10 <10 20* <10 <10 <10 --
Sulphur Creek Wasteway near Sunnyside <10 <10-10* <10 <10 <10 <10 -
Yakima River at Kiona <10 <10-10** 60* <10 <10 <10 <10
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Table 15.Concentrations of selected pesticides and suspended sediment in unfiltered water samples, Yakima River Basin, Washington,

1988-89—Continued

[A range of values is shown when multiple determinations were made in a month, otherwise the values are for one sample +HDIDD;AREdichlorodiphenyl-
trichloroethane plus 4,4’-dichlorodiphenyldichloroethylene plus 4,4’-dichlorodiphenyldichloroethane; <, less than; --, vaildble; & highest concentration at site;
** second highest concentration at site; data in this table are adapted from Rinella, McKenzie, Crawford, and others (1992)]

Concentration (nanograms per liter)

August/
September November December
Site name May 1988 June 1988 July 1988 1988 1988 March 1989 1989
(2,4-dichlorophenoxy) acetic acid [2,4-D]
Cle Elum River above Cle Elum Lake <10 <10 <10 <10 220% <10 -
Cherry Creek at Thrall 7,500% 140-150 480** 60 <10 200 -
Moxee Drain at Thorp Road 20-120 <10-150 200-1,900* 50 <10 270%* --
Wide Hollow Creek near mouth <10 250* 20** <10 <10 <10 -
Granger Drain at mouth <10 <10-430* 330-410** <10 <10 <10 --
Toppenish Creek at Indian Church Road <10 160* 30 40% 40% <10 -
Sulphur Creek Wasteway near Sunnyside 10 <10-100* <10-90** 50-60 100* <10 -
Yakima River at Kiona 10 70-110* 70%* 40 <10 <10 -
Atrazine
Cle Elum River above Cle Elum Lake <100 <100 <100 <100 <100 <100 --
Cherry Creek at Thrall 70 20-60 78** 61 48 600* -
Moxee Drain at Thorp Road 30* 10 <100-17 16%* <100 <100 --
Wide Hollow Creek near mouth <100 40* <100 <100 <100 11%* --
Granger Drain at mouth 90 90 40-47 120** <100 280* -
Toppenish Creek at Indian Church Road 50 60* 54x* 43 23 <100 -
Sulphur Creek Wasteway near Sunnyside  60* 20-22 25-31 34 <100 44%* -
Yakima River at Kiona 50* <100-30 49** 30 <100 <100 --
Simazine

Cle Elum River above Cle Elum Lake <100 <100 <100 <100 <100 <100 -
Cherry Creek at Thrall 90 <100-40 220** 23 <100 6,600* --
Moxee Drain at Thorp Road 20%* <100-10 <100-24* <100 <100 18 -
Wide Hollow Creek near mouth 26 40 33% 22 <100 43* --
Granger Drain at mouth 80 170-460* 91-100** 24 <100 100** -
Toppenish Creek at Indian Church Road <100 40%* 45*% 16 <100 11 -
Sulphur Creek Wasteway near Sunnyside  120* 60—77** 68-74 24-29 <100 34 -
Yakima River at Kiona 40 20-44** 49* 17 <100 28 --




Table 15.Concentrations of selected pesticides and suspended sediment in unfiltered water samples, Yakima River Basin, Washington,

1988-89—Continued
[A range of values is shown when multiple determinations were made in a month, otherwise the values are for one sample;HDIDD;RREdichlorodiphenyl-

trichloroethane plus 4,4’-dichlorodiphenyldichloroethylene plus 4,4’-dichlorodiphenyldichloroethane; <, less than; --, vaildhle; & highest concentration at site;
** second highest concentration at site; data in this table are adapted from Rinella, McKenzie, Crawford, and others (1992)]

Concentration (nanograms per liter)

19

August/
September November December
Site name May 1988 June 1988 July 1988 1988 1988 March 1989 1989
Dicamba
Cle Elum River above Cle Elum Lake <10 <10 <10 <10 <10 <10 -
Cherry Creek at Thrall 2,600* 140 520 50 <10 240 --
Moxee Drain at Thorp Road 30* 10 10-20** 10 <10 <10 -
Wide Hollow Creek near mouth <10 20* <10 <10 <10 10%* -
Granger Drain at mouth <10 70-130* 40%* <10 <10 20 --
Toppenish Creek at Indian Church Road 10 70* 10 10 <10 <10 -
Sulphur Creek Wasteway near Sunnyside  20* 10-20* <10-20** 10 <10 <10 -
Yakima River at Kiona 10 10-20* 10 20* <10 <10 -
Suspended sediment, in milligrams per liter

Cle Elum River above Cle Elum Lake <1 3* <1 1 2% 1 -
Cherry Creek at Thrall 91 64-121** 82 45 25 1,020* -
Moxee Drain at Thorp Road 134-143 296-436** 443-607* 157 58 47 -
Wide Hollow Creek near mouth 17 8-28** 8 5 5 211* -
Granger Drain at mouth 205 526-643* 421-432** 282 62 92 --
Toppenish Creek at Indian Church Road ~ 32** 32 13 11 337* 30 -
Sulphur Creek Wasteway near Sunnyside 70 204-245* 99-128** 67-83 19 108 -
Yakima River at Kiona 28 30-35 22 35%* 10 103* 57-71




use or sale of DDT, dieldrin, and chlordane was
banned or restricted in 1972, 1974, and 1987,
respectively, these persistent compounds were
detected frequently at trace or quantifiable concen-
trations (28 sites for DDT+DDE+DDD, 20 sites

for dieldrin, and 11 sites for chlordane). The wide-
spread occurrence of these pesticides suggests
broad historical use throughout the basin. Estimated
use of prometon in the basin was minimal; how-
ever, it has a relatively long half-life in soils (up to
500 days), which probably accounts for its high fre-
quency of detections.

0.4 . The predominant source area for many pesti-
cides in the basin was the east side area (area east
L ] of the Yakima River from Moxee Valley down-
stream to Benton City near Kiona, including the

ozl Composition of ol i Moxee, Granger, Sunnyside, and Whitstran areas)
1 percent organic carbon (table 18). This area had the largest acreage of irri-
...... 4 percent organic carbon | gated land and generally received the largest appli-

FRACTION OF COMPOUND MASS THEORETICALLY PARTITIONED TO SOIL

cation of pesticides. Owing, in part, to the highly
erosive soils of the Warden-Esquatzel association

o J M T S S S S T S S | ]

0 500 1,000

1,500 2,000 (Rinella and others, 1999), steep subbasin slopes,
ST T e s a1 (Koc) and rill irrigation of tilled crops, the suspended
sediment load in June 1989 to the Yakima River

Figure 22 .Theoretical relation, in a soil environment, from the east side area was five or more times larger
between sediment-water partition coefficients and the than loads from the other areas. Similarly, several
fraction of organic compounds partitioned to the soil. . ) !
(Equilibrium partitioning is assumed; the remaining of the more hydrophobic compound loads (DDT+
compound fraction is dissolved in the soil-pore water.) DDE+DDD, dieldrin, endosulfan |, phorate, and

propargite) were four or more times larger than
for as much as 80 percent of the main stem flow loads from other areas. Concentrations of DDT+

near the downstream terminus of the basin. As a PPE+DDD, dieldrin, diazinon, malathion, phos-

result, concentrations of many pesticides increase@N@midon, propargite, atrazine, and simazine sig-

substantially in the lower main stem as the proporNificantly increasedd(< 0.02) in Yakima River _
tion of agricultural return flow increased. Basin streams as concentrations of suspended sedi-

o ) ment increased. These correlations are consistent
In June 1989, when pesticide concentrations ith the equilibrium-partitioning calculations,
were expected to be high because of irrigation \yhich indicate that hydrophobic and hydrophilic
runoff, water samples were collected from 29 compounds with K. greater than 85 mL/g are
sites in the _Yalqma River Bag_n fo determine thg being mobilized and transported, at least initially, in
spatial distribution of hydrophilic and hydrophobic the suspended phase from the agricultural fields.

pesticide concentrations and loads. The most fre- Tributaries with the hiahest suspended sediment
guently detected compounds in this synoptic sam- . : 9 P )
concentrations in June 1989 were agricultural

pling are listed in table 17. With the exception of . )
chlordane, 4,4'-dichlorodiphenyltrichloroethane ~ éturn flows, which also had among the highest
plus 4,4'-dichlorodiphenyldichloroethylene plus ~ concentrations of many pesticides (table 17). As
4,4 -dichlorodiphenyldichloroethane (DDT+DDE+ expected, sites upstream from agricultural activities
DDD), dieldrin, and prometon, these compounds (for example, Cooper River at Salmon LaSac,
were also among the most abundantly used com- Umtanum Creek near mouth, and Satus Creek
pounds in the basin in 1989, which probably above Wilson-Charley Canyon) had among the
accounts for their frequent detections. Although thelowest concentrations.
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Table 16.Theoretical equilibrium partitioning of selected organic compounds sorbed to oil and dissolved in water, Yakima River Basin, Washington

[<, less than; >, greater than; 2,4-D, (2,4-dichlorophenoxy) acetic acid; DDT, 4,4’-dichlorodiphenyltrichloroethane; D@iEhbdiphenyldichloroethylene;

DDD, 4,4'-dichlorodiphenyldichloroethane]

Sediment-water Partitioning of compounds in soils prior to erosion Partitioning of compounds to soil suspended in water
partition coefficient
(Kog), normalized to Percent of compound Percent of compound Percent of compound
organic carbon, mass sorbed to soils mass dissolved in mass sorbed to Percent of compound
Compound in milliliters per gram 1 prior to erosion 2 soil-pore water 1 suspended soils 3 mass dissolved in water 2
Atrazine 163 77 23 <1 >99
2,4-D 20 29 71 <1 > 99
DDT 243,000 > 99 <1 55 45
DDE 4,400,000 > 99 <1 96 4
DDD 770,000 > 99 <1 79 21
Diazinon 85 64 36 <1 >99
Dicamba 2 4 96 <1 >99
Dieldrin 1,700 97 3 <1 > 99
Parathion 10,700 >99 <1 5 95
Simazine 138 74 26 <1 > 99

IRinella and others, 1999.

2Calculation assumes sorption is controlled by partitioning to organic carbon, fraction organic carbon equals 1 percéntpatdrecéquals 10 percent.

Scalculation assumes sorption is controlled by partitioning to organic carbon, fraction organic carbon in soil equals drkcoscentration of soil suspended

in water is 500 milligrams per liter.



4,000 — — detected in instantaneous loads in runoff. For com-
I ] parison, ratios of annual herbicide loads in runoff to
annual applications for Midwestern streams in the
United States ranged from less than 0.1 to

3.7 percent and were similar to those in Yakima

] River Basin streams (Goolsby and Battaglin, 1993).
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Organic compounds in the Yakima River Basin
that exceeded chronic-toxicity water-quality crite-
ria for the protection of freshwater aquatic life are
: listed in table 19. Most of the instantaneous con-
. centrations that exceeded the chronic-toxicity
] criteria (usually based on sustained concentra-
tions) occurred in agricultural returns and main
stem sites downstream from the city of Yakima.

] Criteria for acute toxicity were not exceeded in the
] basin. Water-quality criteria by the U.S. Environ-
1 mental Protection Agency (EPA) (1986) and (or)
] guidelines by the National Academy of Sciences
] and National Academy of Engineering (NAS-NAE)
1 (1973) for the protection of freshwater aquatic life
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N L = were not available for all of the pesticides that were

200 150 100 50 0 applied in the basin in 1989. In addition, additive or
RIVER MILE synergistic effects that might result from the low

Figure 23 . Instantaneous streamflow in the Yakima level occurrence of several compounds in the water

River as influenced by tributary contributions and were not evaluated in this study.

canal diversions, Yakima River Basin, Washington, . . P
June 25-30, 1989. In June 1989, the city of Yakima’s finished

drinking water supply was analyzed for 67 pesti-
cides using research procedures to obtain minimum
Ratios of pesticide loads in runoff to the daily analytical reporting levels neanmg/L (nanograms

mean pesticide applications in 1989 in the Yakima per liter). The only compound detected was DDE, at
River Basin generally were less than 0.6 a concentration of 0.3§g/L. Assuming that a per-
percent. For these calculations, instantaneous pes§on ingests 2 L of this water each day, the increased
cide loads measured near peak irrigation in June lifetime (70 years) cancer risk was relatively small
1989 were computed in grams per day and divided(4:1,000,000,000), using EPA's risk assessment
by the 1989 pesticide applications, computed in methodology calculations. For this calculation,
grams per day (mass of annual application dividedﬂl’inking water was assumed to be the sole source
by 365 days). Ratios were computed for the most of DDE ingested by a person.
frequently quantified compounds (listed in table
17) except DDT+DDE+DDD, dieldrin, and chlor-
dane, which were not applied in 1989. Instanta-
neous runoff loads near or during peak irrigation Results from the sampling of 59 sites in the Yakima
were expected to be larger than those instantaneouRiver Basin showed that several semivolatile and
loads during nonirrigation season; consequently, organochlorine compounds were detected in stre-
the ratios computed in this study may be biased ambed sediment. The highest concentrations were
high when compared to ratios between annual loadsletected in agricultural return flows, many of which
in streams and annual applications. If, however, also receive point source discharges and urban run-
major storm runoff had occurred, the ratios may beoff. DDT+DDE+DDD and dieldrin are organochlo-
biased low. These calculations indicate that less rine insecticides that were detected in more than 50
than 0.6 percent of the applied pesticide loads weregercent of the samples. Phenol, bis(2-ethylhexyl)

Bed Sediment and Agricultural Soil
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Table 17. Streamflow, concentrations of suspended sediment, and most frequently detected pesticides in water samples from selected sites, Yakima River Basin,
Washington, June 25-30, 1989

[DDT+DDE+DDD, 4,4’-dichlorodiphenyltrichloroethane (DDT) plus 4,4’-dichlorodiphenyldichloroethylene (DDE) plus 4,4’-dichloeogidichloroethane (DDD); EPTG;ethyl
dipropylthiocarbamate; 2,4-D, (2,4-dichlorophenoxy) acetic acid; <, less than; T, present but below quantifiable concergratiber, than—the compound was quantified in one

phase and detected but not quantified in the other phase; data in this table are adapted from Rinella, McKenzie, Cratkifens! (E9@PY|

Concentrations (nanograms per liter)

Yakima River main stem sites (River mile) Agricultural return flows near mouth (Yakima River mile confluence)
Sulphur
Near Near Cherry Moxee Granger Satus Creek Spring
Cle Elum Umtanum Union Gap Sunnyside Grandview Kiona Creek Drain Drain Creek Wasteway Creek
Constituent (183.1) (140.9) (207.3) (72.0) (55.0) (29.9 (147.0) (107.3) (82.8) (69.6) (61.0) (41.8)
Streamflow 3,780 3,630 3,630 1,070 1,560 1,500 126 65 37 124 259 47
Suspended sedimént 6 25 24 44 47 30 120 440 640 38 240 200
Organochlorine compounds in unfiltered water (suspended plus dissolved phasgs
Chlordanecis- andtrans <.46 T<1.4 <1.4 <25 - <14 >4.0 T<35 14 <4.0 T<85 14
DDT+DDE+DDD .50 43 3.2 10 12 15 >8.0 36 83 25 57 50
Dieldrin T<.23 .97 77 1.1 >5.7 3.7 4.7 >.86 >3.6 1.7 37 7.9
Endosulfan | T<.17 .82 .92 <.10 <.80 1.2 <.30 12 T<14 <.80 6.8 <.81
Organophosphorus compounds in unfiltered water (suspended plus dissolved pha3es
Chlorpyrifos <.79 T<25 <2.3 T<3.2 T<23 >9.6 >.3 >.48 T<6.1 >.20 .16 3.0
Diazinon .67 T<21 >7.9 35 >120 39 T<28 410 13 22 66 72
Dimethoaté <1.2 <3.7 <3.5 <3.5 7.3 <3.7 <3.5 <13 T <12 7.7 330 <4.6
Malathion 15 T<4.0 25 14 8.6 70 T<2.8 T<11 T <10 14 T <44 48
Parathion <1.0 T<3.3 T<3.2 11 30 T<3.3 <3.1 .14 <12 180 .10 12
Phorate <.92 <29 3.6 T<3.5 T<3.0 T<29 5.5 130 <8.1 <4.9 T <40 <5.0
Phosphamidoln T<21 T<6.5 T<6.1 T<24 22 5.3 <2.4 43 56 <4.5 T <37 6.7
Thiocarbamate and sulfite compounds in filtered water
EPTC <.35 1.6 1.1 7.3 3.8 3.3 37 T<27 3.1 29 T<5.0 3.3
Propargite T <.68 T<21 3.0 17 44 7.2 T<4.6 210 40 14 260 3.0
Acetamide and triazine compounds in filtered water
Alachlor <.52 <1.6 <1.5 11 19 12 <1.2 <4.0 33 13 33 <2.0
Atrazine .27 10 5.6 26 61 32 71 8.5 48 46 49 13
Metolachlor <.42 T<13 T<1.2 .93 1.3 1.9 <.70 <3.1 T<28 4.1 T<15 <1.8
Prometon <.27 11 1.4 2.4 5.2 3.0 1.4 3.8 32 <2.5 26 <25
Simazine .25 2.2 3.9 16 33 18 11 <3.6 130 27 81 10
Chlorophenoxy-acetic acid and benzoic compounds in filtered water
2,4-D <10 <10 70 <10 70 90 290 120 140 <10 80 60
Dicamba <10 10 <10 <10 <10 <10 100 <10 50 <10 10 10

Istreamflow is reported in cubic feet per second.

2Suspended sediment concentrations are reported in milligrams per liter.
3Dissolved” refers to the filtrate that passes through a 1-micrometer pore-size filter.
“Dimethoate and phosphamidon were not analyzed for in suspended sediment.



Table 18. Instantaneous loads of suspended sediment and selected pesticides in water samples, Yakima River

Basin, Washington, June 25-30, 1989

[East side, the area east of the Yakima River from Moxee Valley downstream to Benton City near Kiona including the Moxege, Grang
Sunnyside, and Whitstran areas; West side, the area west of the Yakima River downstream from Ahtanum Ridge to the City of Mabton including
the Wapato, Toppenish, and Mabton areas; if all tributaries in an area have compound concentrations less than minimuevedpadtemy

the load value is reported as less than (<); quantifiable loads exclude compound concentrations less than the minimueve&pDBRihg
DDE+DDD, 4,4'-dichlorodiphenyltrichloroethane (DDT) plus 4,4’-dichlorodiphenyldichloroethylene (DDE) plus 4,4’-dichlorodiphenyl
dichloroethane (DDD); EPTGethyl dipropylthiocarbamate; 2,4-D, (2,4-dichlorophenoxy) acetic acid]

Instantaneous loads (grams per day)

Yakima River at

Constituent Kittitas area Tieton area East side West side Kiona
Suspended sedimént 42,000 1,200 320,000 60,000 110,000
Organochlorine compounds in unfiltered water (suspended plus dissolved pha§¢s
Chlordane 1.2 .08 .21 .76 <5.2
DDT+DDE+DDD 2.5 .30 58 9.0 55
Dieldrin 1.4 .08 26 .94 14
Endosulfan | <.38 .34 6.2 .87 4.4
Organophosphorus compounds in unfiltered water (suspended plus dissolved ph§$es
Chlorpyrifos .09 <.39 .54 .55 35
Diazinon <1.9 .66 120 56 140
Dimethoaté <2.7 46 210 3.1 <14
Malathion <3.0 14 8.8 15 260
Parathion <3.0 <.68 15 64.8 <12
Phorate 1.7 <.57 21 4.6 <10
Phosphamidoh <2.3 .95 16 11 19
Thiocarbamate and sulfite compounds in filtered water
EPTC 12 <.10 .84 3.5 12
Propargite <2.7 <41 200 a7 26
Acetamide and triazine compounds in filtered water
Alachlor <1.1 <.23 24 26 44
Atrazine 32 .55 40 81 120
Metolachlor <.89 <.20 <11 3.2 7.0
Prometon 3.2 2.0 20 .26 11
Simazine 4.9 .95 65 20 66
Chlorophenoxy-acid and benzoic compounds in filtered water

2,4-D 89 <.81 90 35 330
Dicamba 49 <.81 13 <10 <37

1Suspended sediment loads are reported in kilograms per day.
2Dissolved” refers to the filtrate that passes through a 1-micrometer pore-size filter.
3Dimethoate and phosphamidon were not analyzed for suspended sediment.

phthalate, naphthalene, and phenanthrene are  whereas relatively few exceedances were detected
semivolatile organic compounds that were detectedn the nonagricultural areas. DDT+DDE+DDD and
in more than 30 percent of the samples. Semivoladieldrin exceeded the criteria at most of the agricul-
tile compound concentrations did not exceed the tural sites and, to a lesser extent, endosulfan |,
EPA interim sediment quality criteria for the pro- endrin, and chlordane also exceeded the criteria.
tection of benthic fauna (U.S. Environmental The detection of DDT+DDE+DDD and dieldrin in
Protection Agency, 1988). Concentrations of the bed sediment in the agricultural return flows
several organochlorine compounds generally generally coincided with the detection of these
exceeded the criteria in the agricultural areas, compounds in the water column.
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Table 19. Number of sites and samples with organic compound concentrations that equaled or exceeded chronic-
toxicity water-quality criteria for the protection of freshwater aquatic life, Yakima River Basin, Washington, 1988-91

water years

[DDT+DDE+DDD, 4,4’-dichlorodiphenyltrichloroethane (DDT) plus 4,4’-dichlorodiphenyldichloroethylene (DDE) plus 4,4'-
dichlorodiphenyldichloroethane (DDD); PCB, polychlorinated biphenyls; 2,4-D, (2,4-dichlorophenoxy) acetic acid]

. - Sites Samples
Chronic-toxicity
water-quality criteria Number of Number of
for freshwater exceedances exceedances
aquatic life Number of criteria or Number of criteria or Frequency of
Compound (nanograms per liter) sampled guidelines sampled guidelines exceedance
Organochlorine compounds
Chlordane (technical) 4.3 37 1 133 1 0.75
DDT+DDE+DDD 1.0 37 23 133 105 79
Dieldrin 1.9 37 14 133 65 49
Endosulfan | 56 37 3 133 8 6.0
Endrin 2.3 37 3 133 2 15
PCB 14 25 4 133 9 6.8
Toxaphene 2 25 1 133 1 .75
Organophosphorus compounds
Azinphos-methyl 10 18 22 18 2 11
Diazinon 39 37 18 133 55 41
Disulfoton 350 33 1 57 2 3.5
Ethion 320 37 2 133 7 5.3
Malathion 100 37 1 133 1 .75
Parathion 13 37 8 133 11 8.3
Phosphamidon 330 29 3 29 3 10
Chlorophenoxy-acetic acid compound
2,4-D 33,000 31 1 106 1 94

1U.S. Environmental Protection Agency, 1986

2Two sites sampled by North Yakima Conservation District.

3Recommended maximum concentration sampled at any time and any place (National Academy of Science and National Academy of
Engineering, 1973).

Concentrations of DDT+DDE+DDD in bed lected from two hop fields and one apple orchard.
sediment samples collected upstream from nonagrDT+DDE+DDD was detected in both the Aand B
cultural areas in the Yakima River Basin ranged soil horizons in each of the soil samples; however,
from <0.3 to 1.4ug/kg (micrograms per kilogram). the data are limited in number and spatial coverage
These lower concentrations suggest that the pri- to be able to conclude an association between the
mary source of DDT+DDE+DDD in the nonagri- crop type and amount of DDT+DDE+DDD con-
cultural areas is atmospheric deposition. tamination. The concentrations of DDT+DDE+

To explore relations among concentrations of DDD detected in the soil samples were, however,
organochlorine insecticides and other semivolatile@bout four times higher than the concentrations of
compounds with agricultural activities, samples DDT+DDE+DDD in the suspended sediment and
were collected from 3 agricultural fields and from Streambed sediment samples. Apparently, soil

31 ditches. The bed sediment samples from the eroded from agricultural land was the major source
ditches were composited into seven samples by 0of DDT+DDE+DDD to the streams. Because of the

crop type. DDT+DDE+DDD was detected in large reservoir of DDT+DDE+DDD in agricultural
ditches draining orchards or fields of apples, soils, the compounds are likely to be present in
grapes, pears, and potatoes, but not of asparagusstream water and stream sediment for many
corn, or hops. The soil samples analyzed were coldecades.
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Aquatic Biota concentrations similar to those in the nationwide

, studies. Various individual samples from the
In'1989—90 WY, samples offish, mqllusks, and Yakima River Basin, however, had higher concen-
aquatic plants were collected from 33 sites for anal

f organ; mpounds. About two-thirds of trations. Concentrations of PCBs and total chlor-
YS€s 0f organic compounds. ADOUL WO-LNIFAS OF . hq ejqted compounds, although frequently
these sites received agricultural return flow, point

. in Yakima River Basin samples, wer n-
source discharges, and (or) urban runoff; the othepletected akima River Basin samples, were ge

. . N .~ “erally lower than concentrations detected in the
sites were influenced minimally by human activity. . . .
: nationwide studies.
Samples were analyzed for 25 organochlorine com-

pounds and 14 polycyclic aromatic hydrocarbons | thjs study, wet weight concentrations of most
(PAHS). organochlorine compounds in whole fish correlated
One DDT metabolite, 4, 4-DDE was the significantly with lipid concentrations in the fish,

most widely detected organic compound in aquaticsuggesting that concentrations of these compounds
biota. This organochlorine compound was detecteciccumulate in or are controlled by fish lipids. This
in fish samples at all sites sampled in 1989 and relation was evaluated further by normalizing orga-
68 percent of the sites in 1990. Other organochlo-nochlorine compound concentrations for lipid

rine compounds including DDT, DDD, dieldrin, ~ concentrations in samples of smallmouth bass
cis-chlordane, anttans-nonachlor were each (Micropterus dolomie)y mountain whitefishRros-
detected in samples from 32 percent or more of theopium williamson), largescale suckeCatostomus
sites. Dicofol, polychlorinated biphenyls (PCBs), macrocheilu} and Asiatic clamsQorbicula flu-
toxaphene, and other chlordane related compoundsiineg collected from a Yakima River site near the
were detected less frequently. The highest orga- terminus of the basin. After normalization,
nochlorine compound concentrations generally DDT+DDE+ DDD concentrations were similar
were detected at main stem and tributary sites  among the four species, ranging from 20 to
downstream from the city of Yakima, where agri- 26 pg/g-lipid (fig. 24).

culture was the primary land use. _ _ _
_ , , In the Yakima River Basin, most samples of
Concentrations of DDT+DDE+DDD in resi-  yagjdent fish collected downstream from the city of

dent fish from the Yakima River Basin were ele- v auima had concentrations of DDT+DDE+DDD
vated relative to concentrations detected in nationabcpgs chiordane related compounds, dieldrin tox-

studies. When compared with data collected by ghhene and PAHSs higher than concentrations
U.S. Fish and Wildlife Service in 1984 through oy hected to result in an increased lifetime cancer
their National Contaminant Biomonitoring risk of 1:1,000,000 (1 in 1 million) (Rinella and
Program (NCBP) (Schmitt and others, 1990), the 615 1993). The highest increased cancer risk
me_an PDIFODESDDD concentr_atlon_ (1-1‘3?’9 was computed to be 600:1,000,000 and was based
[_mlcrograms per _grams_], wet W?'ght) in resident on the detection of high PCB concentrations in res-
fish from the Yakima River Basin was more than ident fish (largescale sucker and mountain white-
efish) from the Yakima River at Kiona. Although
these results indicate possible human health effects
. : . from eating certain species of resident fish in the
Basin was almost t_hree jumes_ the concentrations Yakima River Basin, several caveats must be con-
measured by EPA in their National Study of Chem'sidered: (1) in this study, whole fish, not just the

ical Re3|dl_Jes in Fish (NSCRF) (U.S. Enylronmen-edible portions, were analyzed, so the data may not
tal Protection Agency, 1992a). In the Yakima River : :
L be representative of what people are consuming,
Basin, dieldringis-chlordanetrans-nonachlor, and . . )
: 2) different species may accumulate different
toxaphene were also detected frequently with mear‘ . . .
amounts of contaminants, so the fish and associated
4 For aquatic biota samples, both the 2, 4- and 4, 4'- contaminants_ thaF people are consqming may not be
isomers of DDT, DDE, and DDD were determined. For ~ r€presented in this study, (3) the higher contami-
water and sediment samples, however, only the 4, 4-iso- ~ hant concentrations were detected primarily in the
mers were determined. Lower Valley downstream from the city of Yakima,

NCBP. The mean DDE concentration (01859,
wet weight) in resident fish from the Yakima River
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30 bridgelip sucker, and mountain whitefish, from the
Yakima River Basin, particularly from “the lower
] Yakima River and agricultural drains, from the city
of Yakima to the Columbia River.”

N
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I
]

Naphthalene, fluoranthene, phenanthrene, and
benzoé)pyrene were the most frequently detected
PAHSs found in the biological samples collected
from the Yakima River downstream from the city
of Yakima. Only two carcinogenic PAHs were
detected in this study, chrysene in a waterweed
sample from Satus Creek and 1,2-benzanthracene
in an Asiatic clam sample from Yakima River at
RM 72, both at the minimum reporting level of 0.01
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Figure 24. Lipid-normalized concentrations of In aquatic environments, organic compounds
dichlorodiphenyltrichloroethane (DDT) plus partition among water (dissolved phase), dissolved

dichlorodiphenyldichloroethylene (DDE) plus . . .
dichlorodiphenyldichoroethane (DDD) in fish and organic carbon (dissolved and colloidal phases),

mollusk samples from the Yakima River at Kiona, particulate organic carbon (soils, suspended sedi-
Washington, October 1989. (DDT+DDE+DDD, the sum ment, and bed sediment), and the lipids of aquatic
g‘;g’j '4'?_'%%;")4 -DDT, 2,4"-DDE, 4,4-DDE, 2,4-DDD, biota. In this study, organochlorine compounds
' ' were detected in all environmental compartments
and (4) seasonal variations in contaminant concersampled, including water, suspended sediment, bed
trations in biota were not determined in this study.sediment, aquatic biota, and soils, whereas PAHs
were analyzed and detected only in bed sediment

nants in fish to protect fish-eating predators and aquatic biota. Carbamate compounds, chlo-

(National Academy of Sciences and National Acad_rophenox()j/ aC|ddhe_rb|c_|ders], ok:gg(;\oprr:ospholrug |
emy of Engineering, 1973) were exceeded in someﬁ(.)mhIooun S, and triazine herbicides have rejatively
samples for four pesticides: DDT+DDE+DDD, igh water solubilities and Iow&vqlugs, S0 these
chlordane, dieldrin, and toxaphene. Mean Concen_compounds were analyzed primarily in filtered
trations of DDT+DDE+DDD and toxaphene in the water, where many were detected.

Recommended concentrations for contami-

Yakima River Basin fish samples exceeded the To determine the relations among sampling
NAS-NAE guidelines. Seventeen fish samples andmedia, concentrations of DDT+DDE+DDD and
two mollusk samples had concentrations of dieldrin were chosen because they were detected

DDT+DDE+DDD that exceeded NAS-NAE guide- frequently throughout the Yakima River Basin. For
lines for the protection of fish predators (guideline these determinations, contaminant concentrations
of 1.0ug/g, wet weight). The highest concentration in sediment were normalized to organic carbon and
of DDT+DDE+DDD (4.9ug/g, wet weight) concentrations in aquatic biota were normalized to
occurred in Sulphur Creek Wasteway, a major agridipid content. Results indicate that increased
cultural return flow near Sunnyside. Upstream from concentrations of DDT+DDE+DDD and dieldrinin
the city of Yakima, NAS-NAE guidelines were not filtered water, unfiltered water, or bed sediment
exceeded in the resident fish samples. As a result ofvere associated with increased concentrations of
the DDT+DDE+DDD concentrations measured these compounds in aquatic biota. For DDT+DDE+
during this study, the Washington Department of DDD and dieldrin, contaminant concentrations
Health (1993) issued a recommendation to “eat associated with suspended sediment were generally
fewer bottom fish,” particularly largescale sucker, higher than those in bed sediment. Overall, consis-
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tent results among the sampling media provide mulaquatic life in June 1989 included DDT+DDE+
tiple lines of evidence of pesticide occurrence andDDD, dieldrin, diazinon, and parathion. Reductions
indicate that contaminant concentrations in one in pesticide concentrations that were needed to
sampling medium could be used to estimate con- meet criteria or guidelines for DDT+DDE+DDD,
taminant concentrations in another medium. dieldrin, diazinon, and parathion ranged from 29 to

Sampling media were also evaluated to deter- 99 percent at 18 of 29 sites, 47 to 95 percent at

mine which medium would be best suited for 7 sites, 31 to 98 percent at 1A.' sites, and 1.9 to
detecting the low level occurrence of organochlo- 93 Percent at 4 sites, respectively. Assuming that
fine compounds: aquatic biota having varying instream contaminant concentrations durlng the
concentrations of lipids, bed sediment, 1-L volumes!ffigation season can be reduced, by control_llng ero-
of unfiltered water (conventional analyses), large Sion and overland runoff, to the concentrations
volumes of filtered water (up to 120 |_)1 or |arge eXpeCted during a period of minimal overland run-
amounts of suspended sediment from sample vol-Off, parathion and diazinon would then meet guide-
umes up to 224 L. Overall, analyses of bed sedi- lines. Dieldrin and DDT+DDE+DDD would meet
ment and aquatic biota showed that they were theguidelines in the main stem, but still exceed guide-
most sensitive sampling media for detecting hydrodines in the agricultural return flows by as much as
phobic compounds. At a particular sampling site, a3 ng/L and 18ng/L, respectively.
contaminant generally was detected in both the bed ] ]
sediment and the biota, if the biota sample had a Results showed a clear seasonal increase in
lipid concentration of about 6 percent or more (for Stream concentrations of hydrophobic and hydro-
example, lipid concentrations typically detected in Philic pesticides at or near peak irrigation periods
largescale sucker, mountain whitefish, and chisel-when pesticides were flushed and (or) eroded with
mouth from the Yakima River Basin). The least  soils from agricultural fields. Pesticide concen-
sensitive medium for detecting low level concen- trations also increased during stormwater runoff
trations of organochlorine compounds was aquatidrom agricultural areas in the winter and summer
plants, probably because plants have low lipid ~ months.
concentrations, about 0.2 percent. At two of the _ _
sites, PCB and toxaphene were detected in fish tis- The flushing of compounds from soil-pore
sue samples, but were not detected in bed sedimentvater, the eroding of soil-sorbed compounds, and
At these sites, concentrations in the whole fish  the dissolving of compounds from soil and sedi-
exceeded EPA health advisory estimates for an mentinto surface water are major pathways for pes-
increased lifetime cancer risk of more than ticides to travel from agricultural fields to streams
1:1,000,000. For assessment purposes, it may be and aquatic biota. Controlling applications of
advantageous to analyze tissue samples rather thagxcessive irrigation water will help to reduce over-
bed sediment samples, because tissue analyses ptand runoff and, therefore, the subsequent dissolu-
vide a direct measure of bioavailability and may be tion, erosion, and (or) transport of pesticides to
used for determining critical routes of contaminant streams. If management decisions are made to
exposure to fish predators, including humans. Fishreduce overland runoff, ground-water quality could
however, are mobile, which makes it difficult to use he monitored to ensure that pesticide concen-
tissue data to identify whether the contaminant  trations do not increase in the aquifers. As surface-
source is upstream or downstream from the_sam' water runoff is reduced from agricultural land, pes-
pling site. In contrast, the source of bed sediment jicige concentrations could also be monitored in the
contamination is generally at or upstream from the 5 icyitural return flows to ensure that concen-
sampling location. trations are not increasing and causing short term,
localized, surface-water-quality concerns.
Implications for Water Resource Monitoring and

Regulation Data from the Yakima River Basin indicate

that increases in pesticide use generally coincide
Pesticides that most frequently exceeded EPAwith increases in the number of pesticide detections
chronic-toxicity water-quality criteria or NAS- in streams. This relation seems obvious, however,
NAE guidelines for the protection of freshwater  research analyses in this study were required to be
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able to detect many of the currently used pesticides
at concentrations below 10@/L.

Using pesticides with one or more of the fol- *
lowing characteristics will minimize the likelihood
of transport from agricultural fields to streams:

1. Half-lives in soils and water of less than
3 weeks, to increase the likelihood of the
compounds to degrade in the fields prior to
stream transport;

2. Water solubilities less than 30 mg/L, to
minimize dissolution and flushing of
pesticides from soils; and

3. Kyc values larger than 500 mL/g, to increase o
the likelihood of the pesticide to remain
sorbed to agricultural soils.

Methods of irrigation can greatly influence the
degree of overland runoff and erosion, which sub-
sequently influences pesticide transport to streams.
Of the four types of irrigation methods used in the
Yakima River Basin (rill, flood, sprinkler, and
drip), drip (above and below land surface) irrigation e
is the most effective method for reducing erosion
and overland runoff, because a minimum amount
of water is applied to the land surface and subsur-
face soils in the root zone. Other factors that affect
pesticide transport to streams include (1) timing
of irrigation and storm runoff relative to pesticide
application and the likelihood for increased over-
land runoff, (2) location of pesticide application
relative to the potential for stream contamination,
(3) method of pesticide application (ground vehicle o
sprays, aerial sprays, and chemigation), and (4) use
of grass cover crops to help hold the soil in place.

Better understanding the occurrence, distribu-
tion, sources, transport, fate, and effects of organice
compounds in the Yakima River Basin would ben-
efit from:

* Analyses for more pesticides and their
breakdown products at lower minimum o
reporting levels—In this study, about 70
percent of the 180 compounds applied in 1989
were not analyzed. Therefore, ecological
consequences for more than 120 of these °
compounds in water, sediment, and aquatic

7

biota in the Yakima River Basin have not been
identified.

Increased temporal coverage for sampling
organic compounds in water, sediment, and
aquatic biota—To better understand major
sources and potential effects on aquatic biota,
the variations (duration and range) in seasonal
concentrations must be better understood.
For example, weekly, daily, and (or) hourly
sampling during selected periods when
concentrations and temporal variability are
expected to be high (for example, irrigation
season or storm runoff following pesticide
application).

Increased spatial coverage for determining the
occurrence of organic compound concen-
trations in water, bed sediment, aquatic biota,
and soils and the processing of these com-
pounds within and among these media—
Identify major sources of organic compounds
in order to model and assess cause and effect
processes and pesticide transport in the basin.

Relating pesticide loads to contributing factors,
including crop types, soil characteristics, basin
characteristics, and farming practices (pesticide
application, irrigation, cover crop usage, and
cultivation methods). Better quantification of
these factors would provide managers with
valuable information for improving and (or)
maintaining good water-quality conditions in
the basin.

Research to determine the effectiveness of
erosion controls for reducing concentrations of
dissolved and suspended organic compounds in
streams.

Bioassays using native water, native sediment,
and appropriate sensitive test organisms to help
determine potential additive or synergistic
effects.

Research to determine the synergistic effects of
multiple toxic compounds and elements at high
water temperatures on aquatic life.

Accurate information about the quantity of
pesticides applied in the Yakima River Basin.



Trace Elements monthly basis and during several hydrologic condi-
tions during the 1987-91 WY. Trace elements were
By Gregory J. Fuhrer measured in filtered water samples collected at least
once at 44 sites, with most of these sites sampled
This section is a synthesis of two interpretative gyer 3 period of 1 to 2 weeks in July and (or)
reports (Fuhrer, McKenzie, and others, 1994, November 1987. Unfiltered water samples for the
Fuhrer and others, 1998). Data and quality assur- gnalysis of trace elements generally were collected

ance results for the interpretative reports are pub-on g quarterly basis at the fixed sites during 1987.
lished in Ryder and others (1992) and Fuhrer,

Fluter, and others (1994). The first of the interpre-
tative reports (Fuhrer, McKenzie, and others, 1994)Effects of Geology on Chromium
is an analysis of major and trace elements in fine- Concentrations

grained (less than §8n [micrometers] in diame-

ter) streambed sediment samples collected from Most element enrichment in the Yakima River
407 sites in the Yakima River Basin in 1987. Sam-Basin resulted from natural geologic sources under-

pling sites for lower order streafsere selected ~ 1Yind forestlands of the Kittitas and Mid Valleys,
using a sampling design in which sites were ran- Primarily in the Cle Elum, Upper Naches, Tean-
domly selected from a “square sample grid” away, and Tieton Subbasins (fig. 1). These areas

(4.7 miles per side) placed over a 1:24,000-scale Might be classified as “pristine” by the casual
base map; 270 of the 332 lower order stream site?PSever; however, they are geologic sources of
were located in this manner. Sites not randomly ~antimony, arsenic, chromium, copper, mercury,
sampled were intentionally selected and sampled Nickel. selenium, and zinc. For example, in the

for quality assurance purposes. Higher order streanittitas Valley, arsenic, chromium, and nickel
sites were not randomly sampled, but were inten- concentrations in streambed sediment affected by

tionally located along streams draining to major 9€0l0gic sources were as high as 61, 1,700, and
tributaries, at mouths of major tributaries, and ~ +:900M9/g, respectively. These elevated concen-

along the main stem: 65 sites were located in this trations ranged from 13 to 74 times higher than the
manner. Additionally, soil samples were collected respective median concentrations in streambed sed-

at four sites within agricultural plots, some of which IMent from the Lower Valley in agricultural areas
had been formerly treated with the lead arsenate Unaffected by geologic sources. The pre-Tertiary

pesticide. Six urban stormwater drains also were metamorphic and intrusive rocks were the source of
sampled. high chromium concentrations in the Kittitas Val-

) i ley (fig. 25); high trace element concentrations in
The second of the interpretative reports (Fuhrery,o pre-Tertiary rocks were typical for arsenic,

and others, 1998) is an analysis of major and tracggpat, and nickel, as well. The pre-Tertiary rocks
elements in several media, including streambed ,.ude portions of the Cle Elum and Teanaway
sediment, suspended sediment, water (filtered  g,phasins, where several sites have high chromium

and unfiltered water samples), and aquatic biota. ¢qncentrations that exceeded the 95-percent range
Streambed sediment sampling was limited, how- ¢ concentrations in Western United States soils
ever, and covered only 32 sites corresponding to (table 20).

sites sampled for aquatic biota in the 1989-91 WY.

The fixed sites also were sampled for elements in As a result of geologic sources, several of these

aquatic biota, suspended sediment, and water on alements, including arsenic, chromium, copper,

and nickel, left chemical signatures measurable
S1n this report, lower order streams are defined as first or in streambed sediment and suspended sediment

second order tributaries, and higher order streams are definegf higher order streams. For example, chromium

as third order or larger tributaries—the largest being the main oncentrations in streambed sediment in the

stem of the Yakima River. The smallest, unbranched, mappe akima River at Cle Elum. a fixed site located near
(1:24,000-scale map) tributaries are first order tributaries. !

Streams receiving only first order tributaries are second ordeth€ geologic source, exceeded 2@39 (fig. 26).
tributaries, larger streams receiving only first and second ordeDownstream, however, concentrations decreased to

tributaries are third order, and so @torton, 1945 64 pg/g in the Yakima River at Umtanum as a result
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Figure 2 5. Distribution of chromium concentrations in streambed sediment, Yakima River Basin, Washington, 1987.
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Table 20. Statistical distribution of selected elements in fine-grained streambed sediment of the Yakima River Basin,

Washington (1987), and in soils of the Western United States

[Fine-grained streambed sediment refers to that fraction of the sample less than 63 micrometers in diameter; the badedata Bilk samples;

to avoid statistical bias that may be associated with elements analyzed more than once at a site, only one concerieatias §@tistically summarized;
concentrations are reported as micrograms per gram, dry weight; data statistically summarized in this table are from é&thbrer(4868); concentrations
shown inbold print equal or exceed baseline concentrations for the Yakima River Basin; na, not analyzed; <, less than]

Yakima River Basin streambed sediment (1987) Western United States soils
Concentration at indicated percentile o Lo

c c c » o w c

5 5 S| .8 3 =

N g8 ES o8| S8 3gg2o EE

L 0 S c £ c [T = © C c

o9 E® E o 59 o c 8 == Eo

Eement |52 E5 10 25 50 75 90 98 5c 25| 52 g2%¢ 5 <

emen z5 =8 = 3 wa3| 238 88 = 3

Antimony 404 0.1 0.2 0.3 0.4 0.5 0.8 2.0 4.8 0.7 na na na

Arsenic 404 g 1.6 2.3 39 59 11 66 310 8.5 730 1.2-22 97

Beryllium 407 <1 <1 <1 <1 2 2 2 4 3 778 .13-3.6 15

Cobalt 407 10 15 17 20 24 30 57 140 40 778 1.8-28 50

Cerium 407 5 33 39 45 56 69 100 120 57 683 22-190 300
Chromium 407 14 32 44 54 74 110 554 1,800 320 778 8.5-200 2,000

Copper 407 13 20 24 28 34 46 96 190 40 778 4.9-90 300

Lead 407 2 9 11 13 17 25 130 890 20 778 5.2-55 700
Mercury 406 <.02 <.02 <.02 .02 .08 .16 .48 3.1 .30 733 .008-.25 4.6

Nickel 407 4 13 17 21 32 53 690 1,900 120 778 3.4-66 700
Selenium 99 <1 <1 2 4 .6 1 1.3 1.4 4 733 .04-1.4 4.3
Zinc 407 32 71 80 93 110 130 220 710 120 766 17-180 2,100

1S0ils data may offer a regional perspective or framework for assessing Yakima River Basin streambed sediment chemisinte®evtrallimitations
apply when making comparisons between soils and streambed-sediment data—see Fuhrer and others (1998) for further discussion.

2The term baseline was applied to a concentration that separates an upper or anomalous data set from a lower or background data set. The derivation of bas
line concentrations referenced in this report are detailed in Fuhrer and others (1998).

3Range of concentrations encompassing 95 percent of Western United States soils (R.C. Severson, U.S. Geological Supaegnwirittet®87, based
on data in Shacklette and Boerngen, 1984). Soils data are provided as an ancillary data set that may offer a regiomel perspecti



700 ——T—T—T———T—T—— T sharply, however, in the late irrigation season
(September and October) coinciding with the

= Main stem curtailment of reservoir releases upstream from

. Umtanum, including releases from Cle Elum

Lake. This reduction of streamflow indirectly
increased the proportion of irrigation return flow

at Umtanum—an important factor because the
agriculturally affected sediment entering the

main stem in the irrigation return flow upstream
400 ] from Umtanum was formed in the chromium-poor
Quaternary deposits and loess. The net result of this
increase in the proportion of chromium-poor sedi-
ment entering the main stem was the dilution of
the suspended chromium concentrations during
September and October. Similar temporal patterns
also existed for suspended arsenic and nickel
concentrations.

600 [ . .
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100 In addition to measurable concentrations

in streambed and suspended sediments, some
of the geologically derived elements, including

Creek at Thrall
[ ]
[ ]
@

| Yakima River at Cle Elum

| Wilson Creek
I above Cherry

o

200 150 100 50 0 chromium, nickel, and selenium, also were detected
RIVER MILES ABOVE MOUTH in the aquatic biota of the higher order streams.
Figure 26 . Chromium concentrations in streambed FOI’ example, chromium concentrations in aquatlc
sediment of the main stem and selected tributaries, insects in the North Fork of the Teanaway River
Yakima River Basin, Washington, 1987. ranged from 2.2 to 3@g/g and were 4 to 52 times

higher (depending on the species) than the mini-
of dilution by the chromium-poor sediment from mum concentrations measured in the basin. Enrich-
Wilson Creek. Sediment in the Wilson Creek drain-ment from the Teanaway River also affected, to a
age originated from Quaternary deposits and loesslesser extent, the Yakima River at Umtanum and
where the median chromium concentration was was evident in caddisflies, stoneflies, curlyleaf
only 56 ug/g. The spatial distribution of suspended pondweed, and suspended sediment (table 22). The
chromium concentrations was similar to thatin ~ sharp contrast between the high chromium concen-
streambed sediment. Concentrations of chromiumtrations in the main stem at Umtanum and the low
in suspended sediment, measured monthly and  chromium concentrations in Umtanum Creek (a ref-
during hydrologic events during the 1987-91 WY, erence site) underscores the effect of the geologic

ranged from 28 to 16{g/g (table 21), with the distribution of trace elements among media.
highest concentrations measured in the Kittitas  Umtanum Creek drains the chromium-poor Colum-
Valley. bia River Basalt Group rocks, where the median

The seasonal variation in suspended chromiunthromium concentration was only #8/g. Low
concentrations in the Yakima River at Umtanum Chromium concentrations also were found in Rat-

(fig. 27) was indicative of seasonal changes in tlesnake Creek in the Naches Subbasin, Yakima
the source and quantity of water at this site. The River at RM 72, and several other agriculturally
chromium-rich sediment of the pre-Tertiary meta- affected tributaries (table 22). Chromium concen-
morphic and intrusive rocks in the Cle Elum Sub- trations in fish and Asiatic clams in the Lower

basin contributed large concentrations of suspendetfalley and tributaries of the Mid Valley were typi-
chromium during both the snowmelt and much of cally small (<2ug/g) and varied little among sites.
the irrigation seasons at Umtanum (fig. 27). The Although geologic sources affected aquatic biota in
concentrations of suspended chromium decreasedome lower and higher order streams, the influences
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Table 21. Statistical distribution of trace element concentrations in suspended sediment at fixed sites, Yakima River

Basin, Washington, 1987-91 water years

[To avoid statistical bias that may be associated with constituents analyzed more than once at a site, only one corererisiation p
was statistically summarized; see table 3 for identification of fixed sites; concentrations are reported as microgramslyewgaint;,

<, less than]
- Concentration at indicated percentile )
Number of Minimum Maximum
Element samples concentration 10 25 50 75 90 95 concentration
Antimony 211 0.5 0.6 0.7 0.8 0.9 3.1
Arsenic 211 4.7 6.6 8.2 11 14 20
Beryllium 211 <2 <2 <2 2 2 3
Cadmium 211 2 5 7 1.4 1.7 32.6
Chromium 184 46 60 83 110 120 160
Copper 211 33 44 55 74 96 680
Lead 211 12 19 24 27 30 410
Nickel 184 22 37 55 82 105 170
Silver 211 2 . 4 5 9 1.3 7.7
Zinc 184 112 123 142 172 202 231 521
SEASONS of these sources were offset by the diluting effect of
160 |—umer Snovlvmen! rigaton I1 Postirrigation | | <00 other chromium-poor geologic units. Consequently,
the median concentration of chromium (fugZg) in
L benthic insects in the Yakima River Basin was less
) 4000 than the concentrations of chromium reported for
140~ benthic insects in uncontaminated to minimally con-
3,500 taminated basins in other studies (Elwood and others,
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Figure 27 . Monthly chromium concentrations in

suspended sediment and mean monthly streamflow
in the Yakima River at Umtanum, Washington, 1988.
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(The shaded area represents the period of time when
streamflow is reduced from reservoirs upstream from
the Yakima River at Umtanum.)
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1976; Lynch and others, 1988; Smock, 1983).

Combined Effects of Geology and Irrigation
Return Flow on Selenium Concentrations

The distribution of selenium concentrations was
affected principally by the Miocene and older volcanic
rocks, marine sedimentary rocks, and pre-Tertiary
metamorphic and intrusive rocks located in the
forests of the Cascades. Selenium concentrations in
streambed sediment at several sites in these geologic
units were two to three times the median concentra-
tion (0.4ug/g) in the basin. The geologically affected
selenium concentrations in the streambed sediment
of the forest lands also resulted in high selenium
concentrations in whole sculpinSdttusspp.).

Selenium concentrations in sculpin ranged from 0.2

to 5.4ug/g, dry weight, and were high in Rattlesnake
Creek in the Naches Subbasin and nearby Taneum
Creek. Concentrations of selenium in sculpin also
were higher at sites located near the mouths of creeks
carrying irrigation return flow than at sites located
upstream from agricultural activity. For example,

2.6 ug/g of selenium was measured in whole sculpin
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Table 22. Comparison of low, medium, and high chromium concentrations in water, sediment, and aquatic biota for selected sites, Yakima River Basin,

Washington, 1987-91 water years

[This table is a partial listing of table 23 in Fuhrer and others, 1998; for filtered water, the concentration rankings are based on a percertde disthnid 75th-percentile values for each fixed site;
for streambed sediment and aquatic biota, the concentration rankings are based on a percentile distribution of the nmadonsoforesrch fixed site; for suspended sediment, the concentration
rankings are based on a percentile distribution of the 50th-percentile values (median) for each fixed site; see table 3 for identification gfffigbdsitegntrations (H) represent that portion of the
distribution which is greater than or equal to the 75th-percentile value; low concentrations (L) represent that portilistriiiutien which is less than or equal to the 25th-percentile value;
concentrations greater than the 25th, but less than the 75th-percentile value are considered medium (M); only 1990 daasizze fmtargescale sucker livers and caddisflies; sample species:
largescale suckeC@atostomus macrocheilysaddisfly Hydropsychespp.), stoneflylesperoperlasp.), Asiatic clam (Veneroida: Corbiculid@erbicula flumined, and curlyleaf pondweed

(Potamogeton crisplis--, no data]

Aquatic biota

Sediment Largescale Insects
Filtered sucker Asiatic Curlyleaf
Site name water Streambed  Suspended liver Caddisfly Stonefly clam pondweed
Kittitas Valley
Jungle Creek near mouth near Cle Elum - H - - - - - -
North Fork Teanaway River - - - - - H - -
Teanaway River below Forks near Cle Elum - H - - - - - -
Yakima River at Cle Elum H H H -- M M -- --
Taneum Creek at Taneum Meadow near Thorp -- H -- -- - M - --
South Fork Manastash Creek near Ellensburg - H - - - M - -
Mid Valley
Yakima River at Umtanum L -- H - H H - H
Umtanum Creek near mouth at Umtanum -- L -- - L - - -
Rattlesnake Creek above Little Rattlesnake near Nile -- L -- -- L L -- --
Wide Hollow Creek near Ahtanum -- L -- -- L -- - -
Lower Valley
Yakima River at river mile 72 above Satus Creek -- M -- -- -- -- L L
Yakima River at Kiona H M M M M -- M M




from Ahtanum Creek at Union Gap, located near to 1947, lead arsenate applications increased from
the mouth of Ahtanum Creek and receiving irriga- 50 Ib (pounds) of lead and 18 Ib of arsenic, to

tion return flow from the Ahtanum Creek Subbasin. 192 |b of lead and 71 Ib of arsenic per acre (Peryea,
In contrast, concentrations of selenium in sculpin 1989). In the Mid Valley, concentrations of lead in
found upstream from the agricultural activity on  the soils of former apple orchards historically
Ahtanum Creek were only 1p@/g. Similar con- treated with lead arsenate were as high as|890,
centration gradients also existed in the Satus Creekiry weight. Antimony concentrations in these
drainage. The concentration of selenium |(81g) treated soils were as high as @dg, dry weight.

in a rainbow trout liver sample from Wide Hollow The relation between the elevated lead and anti-
Creek, a creek affected by agricultural and urban mony concentrations was probably a result of the
activities, was four to eight times higher than these pesticide formulation—lead produced from domes-
concentrations in rainbow trout from other sites in tic sources contained residual antimony (U.S. Geo-
the basin. Although few filtered water samples col-logical Survey, 1969). Additionally, a significant
lected in the basin were analyzed for selenium, twoKendall's tau-b correlation (p=0.03, n=77) between
of the three samples collected from Sulphur Creelead and arsenic further supports the presence of a
had detectable selenium concentrations (1 and historical lead arsenate source in the agricultural

2 ug/L [micrograms per liter]). lands of the Lower Valley.

While arsenic enrichment in the Kittitas Valley
Effects of Past and Present Human Activities resulted from natural geologic sources, human
on Arsenic and Lead Concentrations activities increased arsenic concentrations in fil-

tered water, suspended sediment, and aquatic biota

In some parts of the basin, human activities  in the Mid and Lower Valleys. Agricultural drains
(such as farming) reduced element concentrationswere useful as indicators of past arsenic use. Con-
whereas at other locations, these activities in-  centrations of arsenic in suspended sediment, mea-
creased element concentrations. Elements whosesured monthly and during hydrologic events during
concentrations increased in areas affected by the 1987-91 WY, ranged from 4.9 to @§/g in
human activities include antimony, cadmium, cop-Sulphur Creek Wasteway and were the highest in
per, lead, mercury, selenium, and zinc. Concentrathe basin. During the irrigation season in particular,
tions of these elements were frequently highest inabout 2.2 Ib of suspended arsenic per day entered
the Wide Hollow Creek Subbasin, which drains  the Mid Valley within a 9.4-mile reach thatincludes
urbanized and lightly industrialized lowland in irrigation return flow from the Moxee and Wide
addition to agricultural land in the upper reaches of Hollow Subbasins. This arsenic load represented
the subbasin. Concentrations of lead in streambedabout one-half the irrigation season’s daily mean
sediment of Wide Hollow Creek, for example, were |oad at Union Gap. Moxee Drain is estimated to
more than twice that expected from the geologic contribute nearly 1 Ib of suspended arsenic per day
sources in Wide Hollow Creek Subbasin. These during the irrigation season. In the Lower Valley,

concentrations also exceeded the 5.2 tp®% the June contributions of suspended arsenic from
range of concentrations found in 95 percent of the Sulphur Creek Wasteway (2 Ib/day) typically
Western United States soils (table 20). accounted for most of the suspended arsenic load at

In addition to urban runoff, previous applica- Grandview.

tions of lead arsenate in apple orchards also may Filtered water samples, collected monthly at
have been a source of lead, as well as arsenic. Pridhe fixed sites during the 1987-91 WY, had arsenic
to 1955, approximately 3,000 acres of apple concentrations ranging from <1 tqu@/L (table
orchards existed, primarily in the Mid and Lower 23). Arsenic concentrations were higher in the Mid
Valleys (U.S. Department of Agriculture, 1986). and Lower Valley, where the waters were affected
The pesticide lead arsenate was applied to controbrimarily by agricultural return flow (table 24).
codling moths in apples in eastern Washington  Median arsenic concentrations in Sulphur Creek
beginning in 1908, and this practice continued until Wasteway and in the main stem of the Lower Val-
the introduction of DDT in 1947. From 1908 ley exceeded the median for the basin|fgl.).
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Table 23. Statistical distribution of trace element concentrations in filtered water samples at fixed sites,
Yakima River Basin, Washington, 1987-91 water years

[To avoid statistical bias that may be associated with constituents analyzed more than once at a site, only one concentration
per visit was statistically summarized; see table 3 for identification of fixed sites; concentrations are reported in micrograms

per liter; <, less than]

Concentration at indicated percentile

Number of Minimum Maximum

Element samples concentration 10 25 50 75 20 concentration
Antimony 18 <1 <1 <1 <1 <1 <1 1
Arsenic 119 <1 <1 <1 <1 2 3 9
Beryllium 36 <5 <5 <5 <5 <5 <5 <5
Cadmium 279 <.2 <.2 <.2 <.2 <.2 3 2.2
Chromium 26 <5 <5 <5 <.5 .6 1.0 1.1
Copper 280 <5 <5 .6 9 1.3 1.9 20
Lead 279 <5 <5 <5 <5 <5 <5 1.9
Mercury 283 <1 <1 <1 <1 <1 <1 .6
Nickel 36 <10 <10 <10 <10 <10 <10 <10
Selenium 22 <1 <1 <1 <1 <1 <1 2
Zinc 36 <3 <3 <3 5 12 18 30

Table 24. Statistical distribution of arsenic concentrations in filtered water samples at fixed sites,

Yakima River Basin, Washington, 1987-91 water years

[To avoid statistical bias that may be associated with constituents analyzed more than once at a site, only one concentration
per visit was statistically summarized; concentrations are reported in micrograms per liter; <, less than; see table 3 for full

site names]
. Concentration at indicated percentile .
Number of Minimum Maximum
Site name samples concentration 10 25 50 75 90 concentration

Cle Elum 16 <1 <1 <1 <1 <1 <1 <1
Umtanum 11 <1 <1 <1 <1l <1 <1 <1
Naches 15 <1 <1 <1 <1 <1 <1
Union Gap 23 <1 <1 <1 <1 <1 <1
Sulphur Creek 15 2 2 2 3 7 8 9
Grandview 14 <1 <1 < 1 2 2 3
Kiona 25 <1 4 1 1 2 3 4

Concentrations of arsenic in Sulphur Creek Wastearsenic were generally associated with decreased

way ranged from 2 to gg/L during the irrigation
season and from 7 top®/L during the nonirriga-
tion season.

streamflows and conversely, low concentrations of
arsenic were generally associated with increased
streamflows. Arsenic concentrations in Sulphur

Although arsenic concentrations at the SulphurCreek Wasteway, and possibly in other tributaries

Creek site were lower during the irrigation season
than during nonirrigation periods, concentrations
were generally similar to the higher arsenic concen

that carried irrigation return flow (although not
measured in this study), are important sources of

arsenic in the main stem. The effect of these sources

trations measured at the Grandview and Kiona sites

during the irrigation season (fig. 28). These
increases in arsenic concentrations at the Grand-
view and Kiona sites coincided with decreased

of arsenic is especially important during the irriga-
tion season, because a majority of the streamflow in
the main stem of the lower Yakima Valley is irriga-

streamflows in the main stem and probably resultedtion return flow (Rinella, McKenzie, Crawford, and

from dilution processes—higher concentrations of
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Figure 28 . Arsenic concentrations in filtered water
samples at Sulphur Creek Wasteway near Sunnyside,
the Yakima River at Euclid Bridge at river mile 55 near
Grandview, and the Yakima River at Kiona, Yakima
River Basin, Washington, 1989-90. (Less-than values
are graphically represented as one-half their value.)
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In addition to higher concentrations of arsenic
in filtered water samples from agriculturally
affected parts of the basin, the load of arsenic in
agricultural drains represented a large proportion of
the arsenic load passing at Kiona. Sulphur Creek
Wasteway, for example, had an annual streamflow
representing only about 8 percent of the annual
streamflow at Kiona, yet it accounted for nearly
20 percent of the filtered arsenic load at Kiona.
Comparisons between loads determined from fil-
tered water samples (an operational approximation
of the dissolved load) and loads determined from
arsenic in suspended sediment, showed that most of
the arsenic load in the basin was in the dissolved
form. For example, the annual dissolved arsenic
loads in the Lower Valley at Sulphur Creek Waste-
way, Grandview, and Kiona were from four to nine
times higher than their respective suspended arsenic
loads.

Arsenic was also present in the aquatic biota of
the basin. In the curlyleaf pondweed, an aquatic
plant, concentrations ranged from 0.48 tojighy
and were threefold higher in the main stem in the
Lower Valley than in the main stem in the Kittitas
Valley. Concentrations of arsenic in caddisflies
collected from agricultural drains in 1989 in
the Lower Valley were as large as pglg and
exceeded the 85th percentile for the basin. Asiatic
clams were collected only in the Lower Valley, and
arsenic concentrations varied little (3.6 to 4d/g)
among Lower Valley sites. Compared to those in
other studies, these concentrations were an order of
magnitude higher than those reported in the
Apalachicola River in Florida (Elder and Mattraw,
1984), and were at least three times higher than in
the Sacra-mento River Basin of California
(McCleneghan and others, 1981), but were similar
to the concentrations in Asiatic clams in the San
Joaquin River in California, which are considered
to be affected by anthropogenic sources (Johns and
Luoma, 1990; Leland and Scudder, 1990).

Exceedances of Water-Quality Guidelines

Trace element concentrations in filtered and
unfiltered water samples were compared to EPA
ambient water-quality criteria for the protection of
aquatic life and human health, drinking water regu-
lations, and drinking water human health adviso-



ries. Although all EPA ambient water-quality crite- element concentrations which exceeded screening
ria are nonenforceable guidelines, they were usedvalues (based on drinking water regulatfro
to screen ambient water-quality data in the Yakimanot indicate that human health was directly at risk.
River Basin in order to identify elements that may Concentrations of iron in unfiltered water samples
require further study by State and local health agenexceeded the screening value in 94 percent of the
cies. Concentrations of cadmium, chromium, cop-samples. In filtered water samples, however, iron
per, iron, lead, mercury, silver, and zinc in filtered concentrations did meet the screening value; there-
and (or) unfiltered water exceeded these screeninfpre, the exceedances in unfiltered water probably
values (based on EPA’s ambient water-quality cri-resulted from iron associated with sediment that
teria for the protection of aquatic organisms [U.S. would be removed in a water treatment process.
Environmental Protection Agency, 1992b]) at two
or more sites in the Yakima River Basin. Zinc Unlike the ambient water-quality criteria for
concentrations in filtered water exceeded acute andiuman health, the EPA human health advisories
chronic criteria for aquatic life at several sites, ~ are based only on the consumption of domestic
including those receiving irrigation return flow and Water. In the present study, however, ambient
those located in mountainous areas. Copper exceeatream water was used to screen for health effects.
ances occurred during winter storm runoff periods' Concentrations of arsenic in filtered water Samples
and coincided with seasonal historical patterns of €xceeded the screening value in 31 percent of the
copper exceedances attributed, in part, to the passamples. The largest number of exceedances of
and present use of copper sulfate (a herbicide). arsenic was found in the Lower Valley. Concentra-
tions of mercury in filtered water samples rarely
The EPA ambient water-quality criteria for the exceeded the screening value.
protection of human health (U.S. Environmental
Protection Agency, 1992b) were designed to indi-  Fish muscle, analyzed for mercury in various
cate exposure of humans to a contaminant becaustesident fish taxa, was collected from four sites in
of consumption of water and aquatic organisms, orthe Yakima River Basin in 1991 (Yakima River at
consumption of aquatic organisms only. Concentrakiona, Taneum Creek at Taneum Meadow near
tions of arsenic (a carcinogen) exceeded the humar horp, Yakima River at Umtanum, and Rattlesnake
health screening value, determined for an increase@reek above North Fork Rattlesnake Creek near
lifetime cancer risk equivalent to 1:100,000, for the Nile). The median mercury concentration in fish
consumption of aquatic organisms and water in muscle from each site and for each fish species was
43 percent of the filtered water samples and screened for mercury concentrations that might
exceeded the screening value for the consumptiorpresent a potential public health concern (U.S.
of only aquatic organisms in 30 percent of the samEnvironmental Protection Agency, 1994). Muscle
ples. Exceedances of arsenic were measured presamples collected from rainbow trout and mountain
dominantly in the Lower Valley. Concentrations whitefish from the four sites contained mercury
of mercury (a noncarcinogen) in filtered water sam-concentrations below the screening value for stan-
ples exceeded the human health screening valuesdard adults (consumers of an average of about one
for the consumption of aquatic organisms and water6-ounce filet per month). The concentration of mer-
and consumption of only aquatic organisms in cury in fish muscle exceeded the screening value
4 percent of the samples in each case. for children (consumers of an average of about
one 6-ounce filet per month) for all species of fish
Trace element concentrations in filtered and
unfiltered water samples were also screened by 6 Although nearly none of the streams sampled in this
making comparisons with EPA drinking water reg-study were sources for domestic water supplies, water-quality

ulations (U.S. Environmental Protection Agency, exceedances were important because many of these streams are

. e . classified by the State of Washington as Class AA or A type
1992¢) and human health advisories (U.S. EnVIronwaters. Classes AA and A require that water “shall markedly

mental Protection Agency, 1992¢; NOW_e” and and uniformly exceed requirements for all uses,” which include
Resek, 1994). Because filtered and unfiltered domestic water suppliggvashington Administrative Code,

stream water samples represent untreated water, 1992.
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sampled and at all sites sampled. Similarly, screenFecal Indicator Bacteria

ing values for recreational fishermen (consumers of

about 5 6-ounce filets per month) and subsistenceBy Gregory J. Fuhrer and Sandra S. Embrey
fishermen (consumers of about 25 6-ounce filets

per month) were exceeded for all species of fish The sanitary quality of river systems is a topic
sampled and at all sites sampled. of great importance to water managers, recreational

users, and the general public. Water from streams

with poor sanitary quality can transmit diseases
Implications for Water Resource Monitoring such as cholera, typhoid fever, and bacillary and
and Regulation amoebic dysentery. In July 1988, a synoptic survey

of fecal indicator bacteria was performed at

Arsenic, cadmium, chromium, copper, lead, 58 surface-water sites in the Yakima River Basin.

nickel, mercury, selenium, and zinc were found at The month of July was selected for sampling
levels of concern in the Yakima River Basin. Some because frequent contact with surface waters by
of these elements in streams (for example, chro- farmers and recreationists would be expected. The
mium, mercury, and nickel) are primarily from geo- results of this synoptic survey, which focused on
logic sources, some (for example, lead) are prima£Escherichia coli (E. coli)were published by
rily from anthropogenic sources, and others (for Embrey (1992) and are summarized herein. As a
example, arsenic, copper, selenium, and zinc) aremember of the fecal coliform group of bacteria,
from both sources. Thus, because sources of trac&. coliis an indicator of fecal contamination and
elements may differ, the appropriate monitoring has been correlated with the incidence of gastro-
design strategies may differ among subbasin(s). intestinal disorders resulting from bodily contact
Additionally, future monitoring might be necessary with certain freshwater sources. In addition to the

on the basis of the numerous exceedances of wateRnalyses foE. coli, fecal coliform bacteria also
quality guidelines. were identified so that comparisons could be made

with sites sampled historically for fecal coliform

The presence of anomalously high concen-  bacteria. During the synoptic survey, intersite
trations of arsenic, lead, and Zfrin the stream- concentrations dt. coliand fecal coliform bacteria
bed sediment in the Mid and Lower Yakima Valley were similar and reflected the dominance of the
indicates that agricultural practices, particularly  E. coli species within the fecal coliform group
those that tend to facilitate soil loss or erosion,  of bacteria. Consequentll, coli populations
are a source of these elements. Additionally, the adequately represented populations of the fecal
presence of arsenic in filtered water samples fromcoliform group. Also, thé&. coli test was less
Sulphur Creek Wasteway (the only agricultural ~ subject to interference from fungal colonies and
drain sampled) indicates that agricultural drains nonfecal bacteria than the traditional fecal coliform
may act as sources of arsenic to the Lower Valleybacteria test.
Similarly, the presence of arsenic in Sulphur Creek
Wasteway, especially higher concentrations during_ and Use Effects
the nonirrigation season, indicates that shallow
ground water in areas of intense irrigation may Land use was found to be an important
also be affected by arsenic. Efforts of future studiescorrelative factor in the distribution &. coli
to delineate the effects of agricultural practices, concentrations in the Yakima River Basin. Land
urban runoff, and municipal sources on streambedHS€ categories were assigned on the basis of the
sediment quality, at the subbasin level, may assist?redominant land use upstream from the sampling

water-quality managers in allocating element |0adssite_, to the foIIowing categories': forest, rangeland,
to conform to sediment quality guidelines. agriculture, and agricultural drains. The agriculture
and agricultural drain categories were identical

7 Agricultural practices associated with orchard crops may In terms (_)f land use, .bUt diﬁered_ in the intenSity
represent a nonpoint source of zinc to streambed sediment Of use. Sites categorized as agricultural drains
(Fuhrer and others, 1998). functioned as terminal points in the irrigation
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system and, thus, were expected to show the
greatest effects of agriculture with respect to

large concentrations of bacteria. In contrast,

sites categorized as agriculture may have exhibite
only transient effects resulting from agriculture. For
example, a sampling site located in a canal and
adjacent to land used for cattle grazing would have
been placed in the agricultural land use category.
The mediark. coli concentrations increased
logarithmically among the land use categories

in the following order: forest < range-land <
agriculture < agricultural drains (fig. 29).
Additionally, significant differences existed among
these categories. Concentration&otoli at the
forest sites, tested with the Wilcoxon-Mann-
Whitney t-test on the ranks, were significantly
smaller £<0.0001) than those at rangeland and
agricultural sites. Similarly tested, concentrations
of E. coli at rangeland sites were significantly
smaller p= 0.019 than those at agricultural sites.

The patterns of bacterial enrichment among
land use categories coincided with the distribution
of the reported 263,500 cattle (including calves) in
the basin (Embrey, 1992). Most of these livestock
were beef or nondairy cattle kept on commercial
farms, finishing feedlots, or rangelands in Yakima

County near the towns of Granger and Sunnyside.

Yakima County contained 72 of the basin’s 80
dairy farms, with 68 of these within a 12-mile
radius of the town of Sunnyside. The high bacteria
concentrations reported for Granger Drain and
Sulphur Creek Wasteway were related to these
high density livestock operations. Assuming
30,000 adult cattle and 14 gallons of waste per
animal per day, dairy cattle in Yakima County
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Figure 29 . Statistical distribution of Escherichia coli
concentrations grouped by forest, rangeland, agri-
culture, and agricultural drain land use categories,
Yakima River Basin, July 1988. (To avoid statistical
bias, only the median concentration for each site was
statistically summarized.)

Valley, E. coli concentrations ranged from esti-
mated values of 1 col/100 mL in the inflow to the
Cle Elum Reservoir to 1,200 col/100 mL in Cas-
cade Canal. Inthe Mid and Lower Valley, however,
E. coli concentrations ranged from an estimated

alone would have generated about 420,000 gallond €0//100 mL in the Yakima River main stem at
of waste daily (Embrey, 1992). These wastes werdRM 70 to 35,000 col/100 mL in the Drainage

stored in holding ponds and later pumped onto
fields as fertilizer, with occasional overflow from
these ponds and runoff from the fields resulting in
contamination of the nearby surface water.

Spatial and Temporal Patterns

Concentrations dE. coli in the Yakima River

Improvement District (DID) 3 Drain.

Concentrations dE. coli and fecal coliform
bacteria at some sites varied not only spatially,
but also temporally over days and even hours.
These variations in concentration, which were
aboutt70 percent (relative to the averadgecoli
concentration), were large in comparison to the

Basin ranged from an estimated 1 to 35,000 col/ +20 percent overall measurement error based

100 mL (colonies per 100 milliliters) of water, with 0n replicate samples and replicate split analyses.
the highest concentrations measured in the canalsThe largest variations were measured in waterways
and agricultural drains (table 25). In the Kittitas  receiving irrigation return flow. At Moxee Drain,
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Table 25. Concentrations of Escherichia coli and fecal coliform bacteria in selected water samples,
Yakima River Basin, Washington, July 1988

[The median concentration is listed below if more than one sample was analyzed at a site; col/100 mL, colonies per
100 milliliters of water; E, estimated concentration based on nonideal colonylceumto data; land use assignments
have been made on the basis of the predominant land use near the site]

Escherichia coli Fecal coliform
concentration concentration
Site name Land use (col/100 mL) (col/100 mL)
Kittitas Valley
Inflow to Cle Elum Reservoir Forest E1l -
Yakima River at Cle Elum Forest E4 E4
Cascade Canal Agriculture E 1,200 --
Town Canal Agriculture 730 --
Mid Valley
Cherry Creek Agriculture 460 E 150
Wilson Creek Agriculture 340 -
Yakima River at Umtanum Rangeland 24 24
Little Naches River at mouth Forest E 11 -
Tieton River at mouth Rangeland 75 -
Moxee Drain Agricultural drain 710 1,400
Lower Valley
Granger Drain Agricultural drain 1,200 1,200
Yakima River at Granger Agriculture 440 440
Toppenish Creek near Fort Simcoe Rangeland E 17 -
Yakima River at river mile 70 Agriculture E8 -
Satus Creek downstream of Dry Creek Rangeland E 10 -
Drainage Improvement District (DID) 3 Drain Agricultural drain 35,000 31,000
Sulphur Creek Wasteway Agricultural drain 2,100 -
Yakima River at Grandview Agriculture 150 180
Yakima River at Kiona Agriculture E 29 E 35
Yakima River at Van Geisen Bridge Agriculture 24 -

1A nonideal colony count for fecal coliform is a count of less than 20 or greater than 60 colonies per filter (Brit-
ton and Greeson, 1987). Aescherichia colia nonideal count is a count of less than 20 or greater than 80 colonies
per filter (Donna Myers, U.S. Geological Survey, Columbus, Ohio, written commun., July 1997).

for examplethe E. coli concentration (1,300 col/  sites (variable flow and source of water) such as
100 mL) on day 1 was different, within the agricultural drains.

95-percent confidence limits, from the mean con-

C?”t_ra“on (690 col/100 mL) on day 2 (table 26). Mass Balance during the July 1988 Synoptic

Similar differences were noted between days 3 Sampling

and 4. The most notable differences, however, were

measured within a single day in two samples from  The dynamics of bacterial transport were stud-
Sulphur Creek Wasteway. The afterndarcoli ied by computing instantaneous bacteria loads
measurement was 3.5 times larger than the mor- within 12 reaches of the main stem. For each reach,
ning measurement. This difference reflected the the load input from tributaries (tributary inflowing)
dynamic nature of bacteria populations in agricul- was calculated. The load at the downstream site was
turally affected waterways. The temporal variationsthen calculated by applying these inputs to the mea-
in E. coli concentrations at sites relatively unaf-  sured load at the upstream site. This calculated load
fected by agricultural return flow were small. On  was compared to the measured load at the down-
the basis of a limited number of temporal measurestream site, and the difference between the two was
ments, multiple samples over one or several days computed and expressed as a percentage of the
seem to be necessary to adequately characterize measured load (table 27). This type of analysis is
bacteria populations at hydrologically dynamic  termedmass balanceand the closer the percentage
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Table 26. Short-term variability in Escherichia coli (E. coli) concentrations,
Yakima River Basin, Washington, July 1988

[95-percent (%) confidence limits were based on raw couriscofi colonies per 100 milliliters
of water (col/200 mL); E, estimated concentration based on nonideal colony]count

E. coli concentration * 95%

Site name Date Time confidence limits (col/100 mL)
Naches River at mouth 7/26/88 1330 23 +7
7/28/88 1800 23 +7
7/29/88 1510 32 +8
Moxee Drain 7/26/88 1100 1,300 +290
7127/88 0915 820 +230
7127/88 1345 980 + 147
7127/88 1355 600 +110
7127/88 1750 360 +84
7/28/88 1520 490 +99
7/29/88 0800 900 +240
Sulphur Creek Wasteway 7/28/88 0945 900 +240
7/28/88 1600 3,200 + 800
Yakima River at Van Geisen Bridge  7/29/88 1050 28 +7
7/29/88 1300 E 19 +15

1A nonideal colony count dEscherichia colivould be less than 20 or greater than 80 colonies
per filter (Donna Myers, U.S. Geological Survey, Columbus, Ohio, written commun., July 1997).

is to zero, the better the mass balance is for the by -114 percent. The positive difference for dis-
reach. Mass balance calculations also were madesolved solids suggests that small unaccounted

for conservative measures such as streamflow andources of dissolved solids (and possibly bacteria)
dissolved solids. A positive percentage implies thatexisted in the reach. More importantly, however,
unmeasured point and (or) nonpoint sources are the large negative difference fiar coli suggests
contributing to the measured load, whereas a neg#hat die-off and (or) sediment deposition were the
tive percentage implies that unaccountable lossespredominant factors affecting concentrations of
(bacteria die-off, for example) exist in the reach. E. coliin the reach. Negative mass balances for
Both positive and negative losses reflect a certain E. coli were measured in 9 of the 12 reaches and
amount of measurement error. In the reach betweesuggest that die-off and (or) sediment deposition
Cle Elum and Ellensburg, the measukedtoliload  were the major factors affectirkg coli concen-

at Ellensburg differed from the calculated load by trations during the summer months. Die-off and
+87 percent. This positive difference probably (or) sediment deposition may be important factors
reflects unaccounted sources of bacteria to the maiim the tributary sites as well.

stem. Because local urban development was mini-

mal, sources in this reach were likely to be nonpoint
in origin and may have included wildlife, agricul-
ture, and recreational activity. The validity of this
interpretation was further supported on the basis During the synoptic survey, streamflows at
of the good mass balance for dissolved solids most tributary sites were equivalent to historical
(-2 percent). Although the streamflow nearly bal- summertime minimum discharges. Streamflows

Implications for Water Resource Monitoring
and Regulation

anced in the reach between Ellensburg and in the main stem of the Kittitas Valley, however,
Umtanum, the mass balance for dissolved were larger than the historical summertime media
solids differed by +16 percent and frcoli streamflows—a condition characteristic of reser-
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Table 27. Estimated mass balances for streamflow, dissolved solids, and Escherichia coli in the main stem, selected major tributaries, and canals, Yakima River Basin,

Washington, July 2629, 1988

[Difference, calculated subtracted from measured, expressed as the percent of mealsisiéd;name main-stem sitef}], tributary inflowing site; --, not applicable; E, estimate]

Streamflow Dissolved solids load Escherichia coli load
(cubic feet per second) (grams per second) (millions of colonies per second)
Main stem Main stem Main stem
kS [ kS [(TI 9 [T
River 7] 3 = 0 5 3 ] 3 52 5 2 0 3 5 8 5 2
Site name mile 3 < £ 28 3 < sc| 28 3 < sc| 28
= (@] [a RS = £ = () [a RS = £ = (@] [a RS = £
Kittitas Valley
Yakima River at Cle Elum 183.1 4,040 -- - -- 3,640 -- - -- 4.6 - -- --
Yakima River at Thorp Highway Bridge at Ellensburg 165.4 3,590 - - - 3,170 3,230 -2 - 30.5 4.1 +87 -
O Wilson Creek above Cherry Creek at Thrall 147. - -- - 83 -- -- - 3p5 -- -- - 7.9
O Cherry Creek at Thrall 147.0 -- -- -- 127 -- -- - 960 -- - -- 16.5
Mid Valley
Yakima River at Umtanum 140.4 3,760 3,800 -1 - 5,330 4,460 +16 - 25.6 55.0 -114 -
Yakima River at Harrison Road Bridge near Pomona 121.7 1,800 -- - -- 2,620 2,550 +3 - 16.8 12.3 +21 -
O Naches River near North Yakima 116.3 -- -- -- 350 -- -- - 513 -- -- - 2.3
0 Roza Power Plant Return Flow 113.3 -- -- -- 978 -- -- -- 1,420 -- -- -- 9.1
[0 Wide Hollow Creek near Mouth at Union Gap 107.4 -- - - 257 -- -- - 152 - -- - 13.8
0 Moxee Drain at Thorp Road near Union Gap 107. -- -- + 74.1 -- -- - 409 -- -- -- 21.0
Lower Valley
Yakima River above Ahtanum Creek at Union Gap 107.3 2,940 3,230 -10 - 4,650 5,170 -11 - 39.1 63.0 -6[L -
0 Ahtanum Creek at Union Gap 106.9 - - - 7.0 - - - 46 - - - 2
Yakima River at river mile 91 at Zillah 91.2 163 - -- - 414 260 +37 - 1.0 2.2 -120 -
0 East Toppenish Drain at Wilson Road near Toppenish 84. - - - 30.2 -- - - 146 - - - 5.0
[0 Sub-Drain Number 35 at Parton Road near Granger 83. -- -- - 84.2 -- -- - 158 -- - -- 1.3
[ Granger Drain at mouth near Granger 82. -- -- - 48.6 -- -- - 313 -- -- -- 16.5
éakima River at Highway 223 Bridge above Marion Drain at 82.7 282 276 +2 - 1,380 1,030 +25 - 35.1 23.8 +32 -
ranger
0 Marion Drain at Indian Church Road at Granger 82. - - - 39.1 - - - 179 - - - 1.3
0 Toppenish Creek at Indian Church Road near Granger 80.4 - - -- 54.1 - - - 261 - - - 1.2
Yakima River below Toppenish Creek at river mile 78.1 78.1 428 375 +12 - 1,970 1,820 +8 - 8.7 37.6 -33 --
Yakima River at river mile 72 above Satus Creek near Sunnyside 72.4 513 - - - 2,330 2,360 -1 - 1.2 10.4 -770 --
[ Satus Creek at gage at Satus 69. - -- - 83.5 -- -- - 913 -- -- -- 1.7
O Sulphur Creek Wasteway near Sunnyside 61 - -- - 15p -- -- - 1,050 -- - -- 92.3
Yakima River at Euclid Bridge at river mile 55 near Grandview 55.0 990 756 +24 - 4,870 3,890 +20 e 42.1 95.2 -13p -
Yakima River above Snipes Creek and Spring Creek near Whitstran  43.0 206 - - - 1,240 1,010 +18 = 2.9 9.0 -210 -
0 Spring Creek at mouth at Whitstran 41.8 -- - = 242 - -- - 127 - -- - 1.6
0 Snipes Creek at mouth at Whitstran 41. - - - 329 - - + 1p2 - - k- 1.6
O Chandler Power Return 35.8 - - - 43.0 - - - 22B - - - 1.6
[ Corral Canyon Creek at mouth near Benton 33 -- - - 16.5 -- -- - 51 - -- - 5
Yakima River at Kiona 29.9 854 323 +62 - 4,810 2,040 +58 E 7.0 8.2 -17 -
Yakima River at Van Geisan Bridge near Richland 8.4 707 -- -- -- 4,020 3,980 +1 -~ 5.6 5.8 -4 --

Ivalues for dissolved solids afitscherichia colivere approximated from the values measured at the Yakima River near Pomona.



voir regulation inthe basin’s headwater dams. Fecafrom recreational contact with the water (Embrey,
coliform concentrations measured during the syn- 1992). For water infrequently used for bathing and
optic survey were generally smaller than those sumwhere incidental full body contact occurs only
mertime values measured historically. For example through an activity such as water skiing, the limit
the fecal coliform bacteria concentrations in
July 1988 were generally less than the median, buin a single sample (table 28). At a more stringent

greater than the minimum, concentrations mea-

allows anE. coli concentration of 576 col/100 mL

level, water from an area that is designated as a

sured in July, August, and September of 1972—85beach area with full body contact swimming has a

(fig. 30).

Four different limits orE. coli concentrations

suggested limit of 235 col/100 mL from a single
sample. The other two limits fall between these two
extremes. Surface-water samples from 11 sites

are recommended by the EPA, depending on the exceeded all 4 of the EPA suggested limits for
degree of risk exposure to gastrointestinal illness E. coli concentrations. Eight of these sites were
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93



Table 28. Sies where Escherichia coli concentrations exceeded U.S. Environmental Protection Agency (EPA)
recommended limits for recreational contact with water and guidelines for fecal coliform concentrations based

on Washington State’s Class A water-quality standards

[col/100 mL; colonies per 100 milliliters of watet;, measured concentration exceeds the EPA limit or Washington’s State standard; —,
measured concentration does not exceed the EPA limit or Washington’s State standard; na, not analyzed; adapted fromBmbrey, 199

EPA recommended limits
for Escherichia coli concentrations,
dependent on risk exposure
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Site name ood Sod Jo3 EocL L 590
Inflow to Cle Elum Reservoir — — — — na
Yakima River at Cle Elum — — — — —
Teanaway River — — — — na
Yakima River at Ellensburg — — — — na
Kittitas Main Canal — — — — na
Cascade Canal O O O O na
Town Canal O O O O na
West Side Ditch O O O O na
South Fork Manastash Creek — — — — na
Naneum Creek — — — — —
Wilson Creek O O O — na
Cherry Creek 0 0 — — —
Yakima River at Umtanum — — — — —
Yakima River at Pomona — — — — —
Little Naches River at mouth — — — — na
Bumping River — — — — na
Naches River at Cliffdell — — — — na
Rattlesnake Creek at mouth — — — — na
Tieton River at mouth — — — — na
Naches River at Water Treatment Plant — — — — —
Naches River at mouth — — — — —
Wide Hollow Creek O O O O O
Drain near Walters Road O O O O O
Drain near Birchfield Road O O O O na
Moxee Drain O O O O O
Yakima River at Union Gap — — — — —
Ahtanum Creek at Union Gap — — — — —
Yakima River at Zillah — — — — na
East Toppenish Drain at Wilson Road 0 0 0 0 0
Sub 35 Drain at Parton Road — — — — na
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Table 28. Sies where Escherichia coli concentrations exceeded U.S. Environmental Protection Agency (EPA)
recommended limits for recreational contact with water and guidelines for fecal coliform concentrations based

on Washington State’s Class A water-quality standards—Continued

[col/100 mL; colonies per 100 milliliters of watér;, measured concentration exceeds the EPA limit or Washington’s State standard; —,
measured concentration does not exceed the EPA limit or Washington’s State standard; na, not analyzed; adapted fromBmbrey, 199

EPA recommended limits
for Escherichia coli concentrations,
dependent on risk exposure
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Site name 0o =0 SIo03F £Eoci0 L 00
Granger Drain 0 0 0 0 0
Yakima River at Granger 0 0 0 — 0
Wapato Canal near terminus — — — — na
Wanity Slough at Meyers Road — — — — 0
Marion Drain — — — — 1]
Toppenish Creek near Fort Simcoe — — — — na
Toppenish Creek near Satus — — — — —
Yakima River at river mile 78 — — — — na
Yakima River at river mile 70 — — — — na
Satus Creek at Satus — — — — na
Satus Creek downstream from Dry Creek — — — — na
Satus Pump Canal 3 — — — — na
Drainage Improvement District 3 Drain 0 0 0 0 0
Sulphur Creek Wasteway O O O O na
Yakima River at Grandview — — — — —
Sunnyside Canal at Beam Road — — — — —
Roza Canal at Beam Road — — — — —
Chandler Canal — — — — —
Yakima River upstream from Spring and Snipes Creek — — — — na
Sunnyside Canal at Gap Road — — — — na
Roza Canal at Gap Road — — — — —
Spring Creek near Whitstran 0 — — — na
Snipes Creek near Whitstran — — — — na
Kennewick Canal — — — — na
Corral Canyon Creek — — — — na
Yakima River at Kiona — — — — —
Yakima River at Van Geisen Bridge — — — — na
Kennewick Canal at Route 14 and 7th Street — — — — na
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drains, ditches, or wasteways that carried agricul- excluding uranium and radon, revealed no exceed-
tural return flow. The other three sites were canals,ances. In order to compare gross alpha measure-
which primarily function to provide irrigation water ments from the Yakima River Basin to the MCL,
and may or may not have carried return flow, and the measurements from the Yakima River Basin
Wide Hollow Creek, a tributary to the main stem were converted to picocuries per liter. The conver-
influenced by livestock and agricultural return flow sion factor of 0.678 pQilg is based on the assump-
(table 28). Although the drains are not intended for tions that uranium was the only alpha emitter, U-
recreational use, they are accessible to people livin@35 was absent, and secular equilibrium between
in these agricultural areas (Embrey, 1992). U-234 and U-238 existed. The validity of these

Washington State also has water-quality assumptions for the gross alpha measurements in
standards governing the suitability of water for ~ the Yakima River Basin is uncertain. The proposed
various uses. These standards are based on medidfiCL fOr gross beta activity of 20 pCi/L for radon
fecal coliform concentrations obtained froma  (R@-228) (U.S. Environmental Protection Agency,
monitoring program. This median concentration is 1991) was notexceeded in the Yakima River during

not to exceed 100 col/100 mL and not more than the 1987-91 WY.

10 percent of the samples over a specified period  \edjan gross alpha activities in filtered water
are to exceed 200 col/100 mL for Class A streamsgng syspended sediment for the fixed sites in the
of the sites in the Yakima River Basin were on  regpectively (table 29). These observed activities
Wasteway which is classified as Class B. Although Rjyer at Burbank, Washington (2.6 and <QgiL
only single sample fecal coliform samples were 55 U, respectively), a USGS NASQAN site located
analyzed as part of this study, nine sites, mostly i 1 mjles from the Yakima River confluence near
the southern part of the basin, had concentrations cojumbia River mile 324. Similarly, median gross
greater than 200 col/100 mL (table 28). beta measurements in filtered water and suspended
sediment compared closely to median values for
Radi lid the Snake River. Localized contamination in the
adionuclides Yakima River Basin during the 1987-91 WY is,

By Ted R. Pogue, Jr. therefore, unlikely.

Gross alpha and gross beta activity in filtered _
water and suspended sediment were measured atEcological Assessment
seven fixed site locations in the surface waters of
the Yakima River Basin during the 1987-91 WY By Thomas F. Cuffney, Michael R. Meador,
(table 29). Natural uranium (U) alpha activity and Stephen D. Porter, and Martin E. Gurtz
strontium (Sr) plus yttrium (Y-90) and cesium
(Cs-137) beta activity were used as standards to Biological investigations in the Yakima River
guantify measured activities in units of concentra- Basin indicated linkages between biological char-
tion. Onthe basis of the Washington Administrative acteristics of streams and rivers and land uses that
Code (1992), all of the fixed sites were on Class A influence water quality. These investigations also
streams except Sulphur Creek Wasteway near clarified relations among the physical, chemical,
Sunnyside (RM 61), which was a Class B stream. and biological characteristics of these streams,
which can lead to development of improved strate-
Gross alpha measurements for the Yakima  gies for the wise use and management of surface-
River Basin, when compared with the maximum water resources in the Yakima River Basin. Investi-
contaminant level (MCL) of 15 pCi/L (picocuries gations conducted as part of the NAWQA pilot
per liter) for gross alpha activity established by the studies also helped to form a basis for decisions on
National Primary Drinking Water Regulations sampling design and field methods for NAWQA.
(U.S. Environmental Protection Agency, 1991), The following is a summary of information con-
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Table 29. Gross alpha and gross beta activities in filtered water and suspended sediment in the Yakima River Basin
(1987-91 water years) and the Snake River at Burbank (1974-92 water years), Washington

[The activities listed for the Snake River at Burbank (station number 13353200) are median values calculated from datsomath&/ater
Inventory System (NWIS) data basgy/L = micrograms per liter; pCi/L = picocuries per liter; for gross alphey £ 0.678 pCi]

Gross alpha activity Gross alpha activity Gross beta activity, Gross beta activity,
(Mg/L) (pCilL) as Sr plus Y-90 (pCi/L) as Cs-137 (pCi/L)
Filtered Suspended  Filtered Suspended Filtered  Suspended Filtered Suspended
Site name Date water sediment water sediment water sediment water sediment
Cle Elum 04-30-87 <0.4 <0.4 <0.3 <0.3 <0.4 <0.4 <0.4 <0.4
08-10-87 <4 <4 <.3 <3 <.4 <4 <4 <4
01-10-90 <.6 2.5 <4 1.7 <.6 1.2 <.6 1.5
Umtanum 05-01-87 <4 <4 <3 <.3 1.1 .8 1.3 9
08-18-87 <4 <.4 <3 <.3 5 <.4 .6 <4
12-05-89 <.6 <.6 <4 <4 <.6 .9 .6 11
Naches 04-30-87 <4 1.8 <3 1.2 5 1.1 .6 1.2
08-10-87 <4 <4 <.3 <.3 1.2 <4 1.4 <4
Union Gap 05-01-87 <.4 2.4 <.3 1.6 .6 1.2 .6 1.3
08-11-87 <4 <4 <3 <3 9 <.4 1.0 <4
12-05-89 <.6 1.3 <.4 .9 .9 2.1 1.1 2.6
Sulphur Creek 05-01-87 3.3 6.8 2.2 4.6 2.5 3.0 3.6 35
08-18-87 5.5 5 3.7 .3 3.4 .6 4.6 .6
11-17-87 15 <.4 10 <3 7.7 1.5 11 1.5
Grandview 05-02-87 <4 <4 <.3 <.3 7 .9 .8 .9
11-18-87 1.8 <.4 1.2 <3 2.6 1.1 3.4 1.2
12-06-89 <.6 3.9 <4 2.6 15 3.7 1.9 4.7
Kiona 11-19-87 1.3 <.4 9 <.3 2.4 <.4 3.2 <.4
12-06-89 N 9 5 .6 1.4 1.3 1.7 1.6
05-02-87 <4 <4 <.3 <.3 1.1 <4 1.3 <4
Snake River 1974-92 2.6 <.6 2.0 7 2.8 7 3.2 7
at Burbank

tained in a report about the ecology of the Yakimaconcentrations of nutrients and pesticides and habi-
River Basin by Cuffney and others (1997). tat destruction) on aquatic biota are not well docu-

_ _ _ _ mented for benthic invertebrates, algae, and non-
Development in the Yakima River Basin has  game species of fish.

had severe effects on biological resources. For

example, anadromous fish runs declined frommore  Effective management of surface-water

than 500,000 adults annually during the 1880s to resources in the Yakima River Basin requires the
less than 4,000 adults during the 1980s (Bonnevillecoupling of site status, derived by ranking physical,
Power Administration, 1988). Habitat loss, dams, chemical, and biological conditions at impaired
and poor water-quality conditions are the major fac-sites against reference sites (Ohio Environmental
tors thought to be responsible for the decline of theProtection Agency, 1987; Plafkin and others,
anadromous fishery in the basin. The presence and989), with an understanding of how land use
accumulation of agricultural chemicals in fish tis- changes physical and chemical site characteristics
sue, particularly pesticides such as DDT, are imporand how biota respond to these changes. Site status
tant water-quality and human health issues in the and an understanding of the factors that control
lower Yakima River (Rinella, McKenzie, Craw-  water quality allow managers to identify sites that
ford, and others, 1992; Rinella and others, 1993). require attention and modify factors known to con-
The effects of agriculture (for example, increased trol water quality.
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Assessment of biological communities comple-penish, Yakima River at RM 72, and Yakima River
ments the assessment of chemical conditions by at Kiona) and one of the Cascades sites (Yakima
(1) providing a direct measurement of water- River at Cle Elum) formed the large-river site
quality effects, (2) integrating responses to a group. These sites constituted a subset of the sites
variety of environmental exposure pathways, (3) sampled to characterize chemical conditions in the
incorporating secondary effects that arise from  basin.
actions of populations through competitive
and predator-prey interactions, and (4) providing A combination of qualitative and quantitative
the only approach to water-quality assessment thafnethods was used to collect representative samples
is sensitive to both toxicological influences and  Of fish, benthic invertebrate, and algal communities
habitat impairment resulting from changes in land (Cuffney and others, 1997). Fish were collected
and water use. The integration of physical, chemi-at 22 of the 25 ecological sampling sites, using
cal, and biological indicators of water-quality backpack electrofishing at wadeable sites (17 sites)
conditions reflects the primary objective of the ~ and boat electrofishing at nonwadeable sites
National Clean Water Act, as amended by the (5 sites), following the procedures of Meador,
Water Quality Act of 1987 (U.S. Government Print- Cuffney, and Gurtz (1993). Quantitative samples of
ing Office, 1988)—to “restore and maintain chemi- benthic invertebrates were collected using a 0.25-
cal, physical, and biological integrity of the nation’s square meter Slack sampler, and qualitative sam-
waters.” ples were collected from all accessible instream
habitats and composited to form a single qualitative
multihabitat (QMH) sample. QMH samples pro-
vide a comprehensive estimate of the variety of taxa
present at each site but not their abundance
(Cuffney and others, 1993). Quantitative samples
of benthic algae (periphyton) were collected from
Cascades), and Columbia Basin (Omernik, 1987).submerged_ rocks using the NAWQA SG-92 periph-
Each of these ecoregions represents a unique cor%f'Eon samplm_g p_rotocol (Porter and_ others, 1993).
bination of landscape features that produce a dis- h contrast with invertebrate Saf“p"”g’ QMH algal
tinctive terrestrial vegetation and climate. Large- samples were hot coIIect(_ed during this Stl.de; there-
river sites in each ecoregion were combined into fore, tgxa richness at a site (number Qf different
a separate large-river group because fish, benthic0r9anisms collected) could not be estimated

invertebrate, and algal communities of large riversP€cause Olnlé/ one mlﬁrohabltat n tE? stream reach
are known to differ substantially from those of ~ Was sampled. More than 140 variables were mea-

smaller streams (Vannote and others, 1980). This Sured and used to describe the physical, hydrologic,

approach provided four natural ecological divisions [2nd Us€, habitat, and chemical characteristics of

in which to investigate natural and human effects on€aCh sité. Sité characterization was based on a.
water quality and biological communities. Domi- tiered design that incorporated information at basin,

nant land uses (forestry, agriculture, and urban) stream segment, stream reach, and site levels (Mea-
were used to depict human-related factors that modd®r> Hupp, and others, 1993; Cuffney and others,
ify physical, chemical, and biological conditions

within these natural divisions.

Study Design and Methods

The Yakima River Basin is composed of
three natural divisions or ecoregions: Cascades,
Eastern Cascades Slopes and Foothills (Eastern

Indices were developed to characterize the

Within the three ecoregions, ecological sam- relative magnitude of metals contamination, non-
pling was conducted at 6 sites in the Cascades pesticide agricultural intensity (NPAI), and pesti-
ecoregion, 5 sites in the Eastern Cascades ecore-cide contamination in filtered water, suspended
gion, and 14 sites in the Columbia Basin ecoregionsediment, and bed sediment (Cuffney and others,
(table 30). Seven of the Columbia Basin sites 1997). These indices represent multiples of the
(Yakima River at Umtanum, Naches River at North background (minimum) concentrations. The metals
Yakima, Yakima River above Ahtanum Creek, index was restricted to metals typically associated
Yakima River at Parker, Yakima River below Top- with human activities (copper, chromium, mercury,
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Table 30. Sites and communities sampled for biology, habitat, and chemistry, Yakima River Basin, Washington, 1990
[Abbreviated site names for fixed sites are shown in parentheses; NF, North Fork; X, sampled; —, not sampled; S, samplépdiestethe
presence of spawning salmon]

Community sampled

Ecological
Station site Benthic
Site name number abbreviation Fish invertebrates  Algae
Cascades Ecoregion
Cooper River at Salmon LaSac near Rojslyn 12478200 COOPER — — —
NF Teanaway River below bridge at Dickey Creek Campground 12479750 NFTEA — X X
Taneum Creek at Taneum Meadow near Thorp 12481900 TANEUM X X X
Naneum Creek below High Creek near Ellensburg 12483750 NANEUM X X X
American River at Hells Crossing near Nile 12488250 ARHC X X X
NF Little Naches River above Middle Fork near Cliffdell 12497200 NFLNAC — X X
Eastern Cascades Ecoregion
South Fork Manastash Creek near Ellensburg 12483190 SFMAN X X X
Little Naches River at mouth near Cliffdell 12487200 LNCL X X X
Rattlesnake Creek above NF Rattlesnake Creek near Nile 12489100 RATSNK X X X
South Fork Ahtanum Creek above Tampico 12500900 SFAHTAN X X X
Satus Creek above Wilson Charley Canyon near Toppenish 12507594 SATTOP X X X
Columbia Basin Ecoregion
Cherry Creek above Whipple Wasteway at Thrall 12484440 CHERRY X X X
Umtanum Creek near mouth at Umtanum 12484550 UMTAN X X X
Moxee Drain at Thorp Road near Union Gap 12500430 MOXEE X X X
Wide Hollow Creek at old sewage treatment plant at Union Gap 12500442 WIDE X X X
Ahtanum Creek at Union Gap 12502500 AHTAN X X X
Granger Drain at mouth at Granger 12505460 GRANG X X X
Satus Creek below Dry Creek near Toppenish 12508500 SATUSBDC X X X
Satus Creek at gage at Satus 12508620 SATUSG X X X
Spring Creek at mouth at Whitstran 12509710 SPRING S X X
Large-river Sites
Yakima River at Cle Elum (Cle Elum) 12479500 YRCE X X X
Yakima River at Umtanum (Umtanum) 12484500 YRUM X X X
Naches River near North Yakima (Naches) 12499000 NACNY — X X
Yakima River above Ahtanum Creek at Union é@mmn Gap) 12500450 YRAHTAN — — —
Yakima River at Parker 12503950 YRPARK X X X
Yakima River below Toppenish Creek near Satus 12507525 YRTOP X X X
Yakima River at river mile 72 12507585 YRRM72 — — —
Yakima River at Kiona (Kiona) 12510500 YRKIONA X X X

1Biological communities were not sampled at Cooper River, Yakima River above Ahtanum Creek at Union Gap, and Yakima River at
river mile 72. These sites were used to represent the concentrations of pesticides in filtered water and suspended sesliméin¢ at s
Cascades and Eastern Cascades ecoregions (Cooper River), Yakima River at Parker (Yakima River above Ahtanum Creek)Rawet Yakima
at Toppenish Creek (Yakima River at river mile 72).
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nickel, zinc, and lead in bed sediment). The NPAI Thirty-three fish taxa (5,854 individuals) were
index included turbidity, conductivity, substrate  collected from 21 sites (table 31); 22 species are
embeddedness, and nutrients (total nitrogen, fil- considered native species. Speckled dace was the
tered ammonia, unfiltered ammonia plus organic most abundant species collected, accounting for
nitrogen, filtered nitrite plus nitrate, total phospho-27 percent of the total number of fish collected.
rus, and SRP). Separate indices were calculated forainbow trout and Paiute sculpin accounted for 12
pesticides in filtered water (52 constituents), sus- and 10 percent of the total, respectively. Torrent
pended sediment (23 constituents), and bed sedi- Sculpin, redside shiner, largescale sucker, and
ment (13 constituents). An index of pesticides in northern squawfish also were abundant, each

fish tissue was calculated for each site by using the2ccounting for greater than 5 percent of the total
mean concentrations of pesticides measured in sefiumber of fish collected. Taxon richness ranged

eral species of fish; each tissue sample consisted dfom 3 at YakimaRiver at Cle Elum and South Fork
a composite of several individuals of a single spe-Antanum Creek to 18 at Cherry Creek. The number

of fish collected at each site ranged from 65 at
Yakima River at Kiona to 1,492 at Satus Creek
below Dry Creek.

cies (Rinella, McKenzie, Crawford, and others,
1992). The disturbance index was calculated for
each site by averaging the five indices (metals,
NPAI, and pesticides in filtered water, suspended Fish community structure in the Yakima River
sediment, and fish tissue) and then dividing the  Basin can be classified into three broad categories:
average for each site by the maximum average (1) communities of relatively higher elevation,
observed over all sites; this approach gave equal lower water temperature tributary sites; (2) commu-
weighting to each of the five indices (Cuffney and nities of lower elevation, warmer water tempera-
others, 1997). ture, tributary sites; and (3) communities of main
stem river sites. In general, cold water streams
rarely exceed 2% (degrees Celsius) and typically
Fish contain salmonids and sculpins, whereas warm
water streams often exceed°Z5and are character-
Previous biological investigations in the ized by a more diverse fish fauna, including cen-
Yakima River Basin emphasized salmonids and trarchids (sunfish and bass), cyprinids (minnows
other species of sport fish, and the physical factorsand carp), and catostomids (suckers). This pattern
(flow, temperature) that affected their abundance was typical of the distribution of fish species
and survival. In this investigation, fish community observed in the Yakima River Basin and was con-
composition was consistent with the fish fauna of sistent with expected patterns in fish community
similar river systems in the Pacific Northwest, com-structure for Pacific Northwest streams (Patten and
posed primarily of salmonids and sculpins in the others, 1970; Li and others, 1987).
headwaters with more species present as the gradi-
ent decreases and water temperature and stream
o : Invertebrates
size increase. The most common of the 33 fish taxa

collected were speckled dace, rainbow trout, and Among the three biological groups studied, the
Paiute sculpin; the number of taxa per site rangedhighest number of taxa (193) was found among the
from 3to 18. In the Cascades and Eastern Cascadg§gyertebrates; 67 percent of these taxa occurred in
ecoregions, the families Salmonidae and Cottidaethe Cascades and (or) Eastern Cascades ecoregions,
(sculpins) dominated the cool water fish commu- 64 percentin the Columbia Basin, and 49 percentin
nity. The rest of the basin was a warm water fisherythe large-river site groups (for a list of taxa, see
dominated by catostomids (suckers) and nonnativeCuffney and others, 1997). Insects, particularly
species such as centrarchids (sunfish and bass). Figfensitive forms such as mayflies, stoneflies, and
community composition proved to be useful in dis-caddisflies (Ephemeroptera, Plecoptera, and Tri-
tinguishing biological differences among sites choptera—EPT fauna), formed the majority of
within the Columbia Basin and large-river site the invertebrate communities of the Cascades and
groups. Eastern Cascades and were useful in discriminating
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Table 31. Common and scientific names, tolerance, trophic group, and native or introduced status of fish collected,
Yakima River Basin, Washington, 1990

[Data are from Hughes and Gammon (1987) and Chandler and others (1993); tolerant species are adaptable to environmigoal degrada
resulting from erosion and siltation, organic and inorganic pollution, channelization, and flow fluctuations (Bramblett &nd $2djsc
intolerant species are the converse of tolerant and are the first species to decline when streams are degraded by hiiKean aativity
others, 1986); trophic group is based on the diet of adult fish (after Karr and others, 1986): F, filter feeder; |, ifgeeaterehan [>]

90 percent [%] invertebrates); O, omnivore (25-90% plant-detritus, 10-75% invertebrates); H, herbivore (>90% plant-dé#itus, <1
invertebrates); and P, piscivore (>90% fish); —, not determined]

Common name Scientific name Tolerance  Trophic group  Native or introduced
Lampreys Petromyzontidae
River lamprey Lampetra ayresi Intolerant F Native
Western brook lamprey ~ Lampetra richardsoni Intolerant F Native
Unidentified lamprey Lampetrasp. — — —
Minnows and carps Cyprinidae
Chiselmouth Acrocheilus alutaceus Tolerant H Native
Common carp Cyprinus carpio Tolerant (0] Introduced
Northern squawfish Ptychocheilus oregonsis Tolerant P Native
Longnose dace Rhinichthys cataractae Tolerant | Native
Leopard dace Rhinichthys falcatus Tolerant | Native
Speckled dace Rhinichthys osculus Tolerant | Native
Unidentified dace Rhinichthyssp. — — —
Redside shiner Richardsonius balteatus Tolerant | Native
Unidentified minnow Cyprinidae — — —
Suckers Catostomidae
Bridgelip sucker Catostomus columbianus Tolerant H Native
Largescale sucker Catostomus macrocheilus  Tolerant (0] Native
Mountain sucker Catostomus platyrhynchus  Tolerant H Native
Salmon and trouts Salmonidae
Coho salmon Oncorhynchus kisutch Intolerant | Native
Chinook salmon Oncorhynchus tshawytscha Intolerant | Native
Cutthroat trout Oncorhynchus clarki Intolerant | Native
Rainbow trout Oncorhynchus mykiss Intolerant | Native
Mountain whitefish Prosopium williamsoni Intolerant | Native
Brown trout Salmo trutta Intolerant | Introduced
Brook trout Salvelinus fontinalis Intolerant | Introduced
Dolly Varden Salvelinus malma Intolerant P Native
Sticklebacks Gasterosteidae
Three-spine stickleback  Gasterosteus aculeatus Intolerant | Native
Sculpins Cottidae
Paiute sculpin Cottus beldingi Intolerant | Native
Slimy sculpin Cottus cognatus Intolerant | Native
Shorthead sculpin Cottus confusus Intolerant | Native
Torrent sculpin Cottus rhotheus Intolerant | Native
Sunfishes Centrarchidae
Pumpkinseed Lepomis gibbosus Intolerant | Introduced
Bluegill Lepomis macrochirus Tolerant | Introduced
Unidentified sunfish Lepomisspp. — — —
Smallmouth bass Micropterus dolomieu Intolerant P Introduced
Largemouth bass Micropterus salmoides Intolerant P Introduced
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among sites within site groups. Total and EPT  sourcepligotrophic andoligothermal— species
taxon richness tended to be lower in the Columbiathat prefer sites with low nutrient concentrations
Basin and large-river site groups, though insects and low temperatures; asdtation tolerant—spe-
still dominated the community richness and abun- cies capable of surviving in areas with high siltation
dance. rates.

Many of these differences were associated with ~ Nitrogen-fixing forms were common in the low
changes in elevation and land use. Elevation affectgiutrient streams of the Cascades and Eastern Cas-
the distribution of many invertebrate taxa by influ- cades, whereas eutrophic forms were common in
encing other physical and biological factors (for  the high nutrient streams of the Columbia Basin.
example, temperature, riparian conditions, and theAlgal taxon richness and abundance were not
quality and quantity of food). The influence of ele- related to biomass (chlorophylandb), ecoregion,
vation was evident in the distribution of stoneflies, site group, or agricultural intensity. The relative
which showed a strong positive relation between abundances of autecological guilds were, however,
elevation and richness and were largely confined tosignificantly correlated with indicators of agricul-
higher elevation streams in the Cascades and Eagdural intensity, particularly with nutrient concen-
ern Cascades site group. Invertebrate taxon richnedgations. Sites in the Satus Creek drainage had
was directly related to the intensity of agriculture unusually high densities of algae (>3,300,000 cells
and the degree of canopy closure, two factors thatoer square centimeter).
represent the degree to which a site has been dis-

turbed and its elevation. The types and numbers of, ., ntered at all sites, while green algae consti-

taxa collected from_the Cgscades,_Eastern C"?‘S'. tuted less than 8 percent. Algal communities were
cades, and Columbia Basin ecoregions were S'm”arcomposed primarily (>50 percent of total abun-

to those collected during other studies conducted irblance) of diatoms (17 sites) Nibstoc(6 sites) at

this area, despite Qiffergnces in c.oIIection methodsa“ sites except Satus Creek below Dry Creek and
and levels of identification (Plotnikoff, 1995;

h Taneum Creek, which were dominated®scilla-
Carter and others, 1996). toria (80 percent) anMicrocystis(73 percent),
respectively. Algal community composition based

Diatoms constituted 77 to 97 percent of the taxa

Algae on autecological guilds revealed that communities
were dominated by nitrogen fixers, facultative
Algae were represented by a total of 134 nitrogen-heterotrophs, eutrophic, halophilic, and

epilithic® taxa (26 to 76 per site) and communities cosmopolitan algae. Cosmopolitan taxa were the
were dominated by diatoms throughout the basin Most abundant autecological group at six sites
(for a list of taxa, see Cuffney and others, 1997). (American River at Hells Crossing, North Fork
Autecologicaf classifications or guilds were based Little Naches River, South Fork Ahtanum Creek,
on published literature (Lowe, 1974; Fairchild Spring Creek, Yakima River at Cle Elum, and
and others, 1985; Van Dam and others, 1994) Naches River at North Yakima). Cosmopolitan
and includedcosmopolitan—widely distributed algae are widely distributed because, unlike other

species tolerant of a large range of environmental autecological guilds, they tolerate a wide range of
conditions:eutrophic—species tolerant of high environmental conditions. Therefore, the abun-

nutrient concentrationsalophilic— species dance of cosmopolitan taxa is not indicative of
that prefer sites with high dissolved solidiro- any specific water-quality condition. By contrast,
gen fixers—species capable of fixing nitrogen and nitrogen-fixing algae tend to thrive even when
commonly found in nitrogen-poor watefagulta- nitrogen concentrations are low because they can
tive nitrogen heterotrophs—species capable of ~ use atmospheric nitrogen. Nitrogen-fixing algae

using reduced nitrogenous compounds as an energgere found in abundance at six sites in the Cascades
and Eastern Cascades site group, one site in the

8 Epilithic—growing on stones. Columbia Basin site group, and no sites in the large-
9 Autecological—referring to the branch of ecology river site group. Facultative nitrogen-heterotrophs
dealing with the individual organism and its environment. are indicative of high nitrogen concentrations
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because they are capable of using reduced nitrogé€ascades ecoregion was low (<2.0). This index
nous compounds, in addition to photosynthesis, agmphasizes agricultural effects and is strongly

an energy source (Cholnoky, 1958; 1968; Schoe- correlated with the NPAI index and the pesticide
man, 1973; Lowe, 1974). Nitrogen heterotrophs indices. Silvicultural effects are known to vary

and halophils, which constituted only a minor pro- among the heavily forested Cascades and Eastern
portion of abundance (<10 percent) in the Cascade€ascades sites but probably are not well repre-
and Eastern Cascades site groups, were often a sented by the disturbance index. Therefore, the
major component (>20 percent) of algal communi-actual disturbance patterns in the Cascades and
ties in the Columbia Basin and large-river site Eastern Cascades ecoregions may have been sub-
groups in conjunction with eutrophic algae. stantially different from what is depicted in this
report. In this regard, biological indicators of site
condition may be preferable to physical and chemi-
cal indicators, because biological indicators
respond to a broader range of water-quality degra-
dation.

Indices of Physical and Chemical Conditions

Physical and chemical site conditions were
summarized using indices of metals enrichment,
agricultural intensity, pesticide contamination, and
disturbance (table 32) that classified site conditions
as high, moderate, or low impairment (Cuffney and
others, 1997). The metals index indicated that metal
enrichment was generally low (<4) throughout the
basin with the exception of Yakima River at Cle
Elum, North Fork Teanaway River, Taneum Creek,
South Fork Manastash Creek, and Wide Hollow
Creek. With the exception of Wide Hollow Creek,

elevated levels of chromium, mercury, lead, and ; dinati | ¢ . d physi
nickel probably originated from geologic forma- rom ordination analyses of community and physi-

tions within the upper Yakima River Valley cal and chemical data) minimized the complicating
(Fuhrer, McKenzie, and others, 1994: Fuhrer effects that climate and elevation have on the distri-

Fluter, and others, 1994: Leland, 1995). Wide HOI_bution of organisms. The multimetric community
low Creek, which drains urban and agricultural condition indices, when used in conjunction with

areas, showed entichment in mercury, lead, and community ordinations, enabled the separation of

zinc that is probably associated with land use rathePiological effects associated with the major natural
than with upstream geologic sources. environmental gradients in the basin (elevation,

stream size) from those related to human activities.

Agricultural intensity, as measured by the This separation was accomplished by determining

NPAI index (table 32), indicated that agriculture  sjte conditions separately for each of the three site

was largely confined to the Columbia Basin site  groups by using reference sites specific to each site

group and varied widely in intensity among these group. In this manner, the effects of variables such
sites. Moxee Drain, Granger Drain, and Spring  as elevation and stream size could be separated

Creek were affected by high levels of agricultural from variables of primary interest, such as land use,

intensity (>100). Total nitrogen was the dominant sg that the impact of human activities in the basin
variable in the NPAI index. In general, the three  could be examined.

pesticide indices were significantly correlated with

the NPAI index of agricultural intensity, indicating The combination of multivariate and multimet-
the close connection between the use of fertilizersric approaches produced an understanding of water
and pesticides in the Yakima River Basin. Pesticidequality in the basin not possible with either method
concentrations in the Cascades, Eastern Cascadeslone. Fish, invertebrate, and algal communities
and at Satus Creek below Dry Creek were probablyoften gave somewhat different but complementary
near background levels. The disturbance index indiindications of site impairment because the effects of
cated that disturbance in the Cascades and Eastemater-quality degradation were influenced by dif-

Condition of Biological Communities

Multimetric community condition indices indi-
cated substantial differences in the level of biologi-
cal impairment within each of three site groups
(Cascades and Eastern Cascades [combined],
Columbia Basin, and large rivers). Dividing the
Yakima River Basin into these groups (derived
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Table 32. Summary of site conditions determined from indices that characterize metals enrichment, agricultural intensity

(NPAI index), pesticide contamination, and disturbance, Yakima River Basin, Washington, 1990

[See table 30 for full site names; abbreviated site names for fixed sites are shown in parentheses; thresholds for high (dark shading) levels of metals
agricultural intensity, pesticides in filtered water, pesticides in suspended sediment, pesticides in fish tissues, and disturbance inetitestaes gr

(>) 20, >100, >30, >100, >20, and >20, respectively; corresponding thresholds for low (light shading) levels are: lest #&2, «§, <10, <10,

and <4, respectively; conditions were assigned to the moderate (medium shading) level if they did not fall in either the high or low category; missing
values precluded the determination of site conditions based on pesticides in bed sediment (no shading); —, data cotifdatetibe es

Site condition indices

Index of pesticide concentrations in

Station Metals NPAI Filtered Suspended Bed Fish  Disturbance
number Shortened site name index index water sediment sediment tissue index

Cascades site group

12479750 North Fork Teanaway 9.6 26 130 11.0 42 0.1 1.6
12481900 Taneum Creek near Thorp 5.4 28 130 14.0 44 01 1.2
12483750 Naneum Creek near Ellensburg 2.3 6.4 130 11.0 45 0.1 1.3
12488250 American River at Hells Crossing 35 4.3 130 14.0 1.8 0.1 1.2
12497200  North Fork Little Naches River 2.2 30 130 4.0 — 20.1 1.0
Eastern Cascades site group
12483190  South Fork Manastash Creek 4.0 87 130 14.0 46 0.1 1.6
12487200 Little Naches River at mouth 25 71 130 14.0 42 04 1.4
12489100 Rattlesnake Creek near Nile 2.9 40 130 14.0 1.0 01 1.1
12500900  South Fork Ahtanum Creek 1.4 11.4 130 14.0 54 2.1 1.6
12507594  Satus Creek near Toppenish 2.8 9.0 1.3 3.7 — 0.2 1.4
Columbia Basin site group
12484440 Cherry Creek at Thrall 2.0 70.7 19.0 88.8 147.2 1.9 14.8
12484550 Umtanum Creek near mouth 2.2 9.4 1.6 4.9 1.2 1.3 1.6
12500430 Moxee Drain near Union Gap WA 1081 587  138.1 105.2 164
12500442 Wide Hollow Creek at Union Gap 4.8 79.0 11.0 20.6 26.4 13.1 10.5
12502500 Ahtanum Creek at Union Gap 2.4 60.6 6.2 15.8 — 6.0 7.4
12505460 Granger Drain at mouth at Granger 2.2 [ IE TS 89.7

12508500 Satus Creek below Dry Creek 1.7 87 130 110 50 04 1.4
12508620 Satus Creek at gage at Satus 2.6 725 221 30.6 — 2.4 10.6
12509710 Spring Creek at mouth near Whitstran 2.2 144.4 BEEWI 304.8

Large river site group

12495000 Yakima River at Cle Elum (Cle Elum) [ 6.2 3.4 1.4 8.0 — 1.7 1.7
12484500 Yakima River at Umtanum (Umtanum) 2.9 16.2 5.8 7.7 7.6 4.8 3.0
12499000 Naches River near North Yakima (Nact 3.2 6.8 15 1.7 — 12.7 21
12503950  Yakima River at Parker 32 [ 215 %12 %9.8 389.2 5.7
12507525 Yakima River below Toppenish Creek 2.9 505 “12.5 450.4 — 11.5
12510500 Yakima River at Kiona (Kiona) 2.8 48.0 17.2 49.3 15.3 11.8

1Estimated from data collected at Cooper River at Salmon LaSac near Roslyn, Washington.
2Estimated from concentrations measured at Cascade and Eastern Cascade sites.
SEstimated from data collected at Yakima River above Ahtanum Creek at Union Gap.
“4Estimated from data collected at Yakima River at river mile 72.
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ferences in the life spans of the organisms (years fo(UMTAN), and Ahtanum Creek (AHTAN)
fish, months for invertebrates, and weeks for algae) revealed little evidence of impairment of the fish

their mobility (fish are highly mobile, invertebrates COmmunity based on qualitative ratings. Cherry
and algae are relatively immobile), and their physi-Creek (CHERRY), Satus Creek at gage (SAT-
ology. The environmental optima for each taxon USG), Wide Hollow Creek (WIDE), and Moxee
revealed that the biota were divided into three comDrain (MOXEE) were rated as moderately impaired
munity types: (1) a higher elevation, cold water, based on fish community structure. These sites
low agricultural-intensity community, (2) a lower Wwere characterized by relatively large numbers of
elevation, warm water, low agriculture community, tolerant individuals and large numbers of omni-
and (3) a lower elevation, warm water, moderate tovore/herbivores or nonnative individuals. Agricul-

high agricultural-intensity community. tural intensity was rated as high at Moxee Drain and
Wide Hollow Creek, suggesting that differences in
Fish physical characteristics between these two sites

may account for differences in community struc-
The multimetric approach taken to characterizetyre.

the condition of fish communities was limited to

four metrics that are a subset of those used in most ~ Of the large-river sites in the Columbia Basin
versions of the Index of Biotic Integrity (Karr and (Yakima River at Cle Elum [YRCE] was in the Cas-
others, 1986). These metrics (table 31) character-cades ecoregion and the fish communities there
ized tolerance, trophic association, origin (native orwere rated unimpaired), the fish community at
introduced), and health of each fish species, and Yakima River at Umtanum (YRUM) was rated
were based on classifications of Hughes and Gammoderately impaired, whereas Yakima River sites
mon (1987) and Chandler and others (1993). On theyt Parker (YRPARK), Toppenish (YRTOP), and
basis of four-metric index of fish community condi- Kiona (YRKIONA) were rated as highly impaired.

tion, there is no evidence that the fish communities rish with external anomalies were collected at these
atsites in the Cascades and Eastern Cascades ecoigyhly impaired sites. Although the use of multi-

gions were impaired (fig. 31). The lack of external metric approaches for assessing fish condition in

anomalies and dominance of salmonids and scul-|5rge rivers needs further testing and development
pins (nearly 90 percent or more of abundance) at (geash, 1995), the presence of external anomalies

sites in the Cascades and Eastern Cascades Was 55ne may suggest possible chemical degradation at
indicative of high quality cold water streams these sites

(Simon and Lyons, 1995).

The multimetric approach to assessing fish con- ~ Site rankings based on fish community condi-
dition as applied to sites located in the Columbia tions were closely related to agricultural intensity
Basin site group indicated that the fish community (NPAI index) (fig. 31). Fish community condition
in Granger Drain (GRANG) was in poor condition ratings at 17 of 21 sites (fig. 31) agreed with the
(severely impaired). The percentage composition ofNPAI. Only one site, Moxee Drain, was rated by the
tolerant individuals and omnivore/herbivores com-fish community conditions as being in better condi-
bined was the highest of any tributary site sampled.tion than the NPAI index indicated. Large-river
In addition, individuals with external anomalies  sites where external anomalies were encountered
were noted at this site, possibly indicating sublethal(yYakima River at Parker, Toppenish, and Kiona)
environmental stresses or chemically contaminatedyere rated as more impaired than indicated by the
substrates (Meador, Cuffney, and Gurtz, 1993).  NPAI index. This close relation between the NPAI
Granger Drain was characterized by relatively highindex and the condition of fish communities sug-
turbidity and nutrient concentrations, sedimentationges»[S that fish were responding to the environmen-
(substrate embeddedness), and pesticides infiltereg} factors that are directly affected by agricultural
water and suspended sediment. practices and that maintaining fish communities in

In the Columbia Basin site group, Satus Creekhigh quality condition will depend upon how agri-
below Dry Creek (SATUSBDC), Umtanum Creek culture is managed.
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Figure 31. Relation between the multimetric fish-community condition index and the nonpesticide agricultural
intensity (NPAI) index, Yakima River Basin, Washington, 1990. (Reference sites are shown in bold type. See
table 30 for identification of ecological site abbreviations.)
Invertebrates Cliffdell (LNCL). Metals enrichment was apparent

- o in the Cascades and Eastern Cascades site group,
The condition of benthic invertebrate commu- v+ the value of the multimetric condition index

nities was determined using a multimetric condition y,es not correspond to the value of either the metals
index based on 20 community metrics. This iNdeX jngey or the index of agricultural intensity (NPAI

emphasizes the response of communities to diSturihdex), which is low for all sites. Community con-

bance throughout the Yakima River Basin and comyitions in the Cascades and Eastern Cascades site
munity dlffere_nces between ggrlcultural_ly impaired group were probably related to the intensity of log-
(Granger Drain, Moxee Drain, and Spring Creek  ginq " \which was not quantified in this study. From
[SPRING]) and unimpaired (Satus Creek below 5 gtatistical view, there is little difference in condi-

Dry Creek and Umtanum Creek) streams of the  j5 among sites in the Cascades and Eastern Cas-
Columbia Basin site group. Community conditions ., jes site group.

were ranked relative to conditions at appropriate

reference (“least affected”) sites within the three Three sites in the Columbia Basin site group
site groups. The multimetric condition index (Moxee Drain, Spring Creek, and Granger Drain)
(fig. 32) indicated that invertebrate communities at had very low community condition scores (less than
most sites in the Cascades and Eastern Cascade25 percent of reference conditions), indicating sub-
site group were unimpaired, with the exception of stantial impairment and warranting a high level of
North Fork Teanaway River (NFTEA), Naneum concern for the invertebrate communities (fig. 32).
Creek (NANEUM), and Little Naches River near Sites with high levels of impairment were associ-
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Figure 32 . Relation between the multimetric invertebrate-community condition index and the nonpesticide
agricultural intensity (NPAI) index, Yakima River Basin, Washington, 1990. (Reference sites are shown in bold
type. See table 30 for identification of ecological site abbreviations. YRCE? represents the values if YRCE is
included in the Cascades and Eastern Cascades site group, whereas YRCE?2 represents the values if YRCE is
included in the large river site group.)

ated with high levels of pesticides and agricultural Umtanum Creek) were ranked as unimpaired, indi-
impairment (NPAI index) which, together with cating that the condition of invertebrate communi-
habitat impairment, were probably responsible for ties at these sites was very good. Total and EPT
the poor conditions at these sites. Two other sitesrichness were similar at these sites and were the
that received agricultural drainage (Cherry Creek highest values observed in the Columbia Basin site
and Satus Creek at gage) and one agricultural plugroup. Invertebrate communities at Satus Creek
urban drainage site (Wide Hollow Creek) had mule|ow Dry Creek and Umtanum Creek were

level of impairment. Conditions at these sites were g, values for agricultural intensity, metals, pesti-

similar based on agricultural intensity (NPAI
index), mean community condition scores (multim-
etric condition index), and the broad overlap of con-
fidence intervals for the multimetric condition
index (fig. 32).

cides, and disturbance. The intensity of agriculture
at Ahtanum Creek was, however, at least six times
greater than that of Satus Creek below Dry Creek or
Umtanum Creek and was slightly less than sites that
were rated as moderate concern (Cherry Creek,
Ahtanum Creek and the two Columbia Basin Satus Creek at gage, and Wide Hollow Creek). Val-
reference sites (Satus Creek below Dry Creek andues of the disturbance and pesticide indices (except
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pesticides in fish tissue) at Ahtanum Creek were, Algae

with the exception of the two reference sites, the

lowest in the Columbia Basin site group, which The conditions of benthic algal communities in
may explain why this site was unimpaired. Itis ~ the Yakima River Basin were determined by cate-
likely, however, that any increase in metals, agri- 9°"1Zing taxa as tolerant, intolerant, or cosmopoli-

cultural intensity, or pesticides could decrease thet@" depending on the correlation between relative

multimetric condition index value and cause abun.dance_ and nutrient concgntratlons and agricul
. . turalintensity. The reference sites used for the algal
Ahtanum Creek to be rated as moderately impaired. . o
. . community condition index were the same ones
Therefore, Ahtanum Creek is a site where commu-

it diti Id rapidly d de if aaricultural used for determining the invertebrates community
nity conditions could rapidly degrade itagricuttural ., gition index. The numerical value of the algal
intensity or pesticide contamination were to

: ) community condition index primarily depends on
increase even by relatively modest amounts. the proportion of the community in each tolerance
class (intolerant, cosmopolitan, and tolerant) and
the reference sites against which the community is
compared. The proportion of intolerant algae often

_ , exceeded 50 percent in the Cascades and Eastern
_[NACNY]) were rgted f"‘s unlmpalred by th? Cascades site group, but rarely exceeded 10 percent
invertebrate multimetric community condition in the Columbia Basin and large-river site groups.
index (fig. 32). All other sites in this site group were patq from the reference sites indicated that even
rated as moderately impaired. The value of the conrelatively undisturbed sites in the Columbia Basin
dition index dropped markedly along the main stemand large-river site groups did not support many
between Yakima River at Umtanum and Yakima intolerant algae. The natural differences in commu-
River at Parker. This drop was accompanied by nity composition that occurred among site groups
large increases in the value of the pesticide indicesnade it very important that site conditions be deter-
and a modest increase in agricultural intensity.  mined by comparisons to reference sites specific to
Factors influencing community conditions here  each site group.

included (1) hydrologic modifications caused by . . .

irrigation and power diversions (Roza Canal, Selah- The Columbia Basin site group, which con-

Moxee Canal, Moxee Canal, and Wapato Canal), tained sites with the hlgh_est_lev_els of agricultural
. . effects (NPAI and pesticide indices), also showed
(2) municipal wastewater discharges (Selah,

the highest levels of impairment (fig. 33). Four sites
Yakima, and Moxee City), and (3) irrigation return g P (fig. 33)

‘ i (Cherry Creek, Wide Hollow Creek, Moxee Drain,
flows (Wide Hollow Creek, Moxee Drain, and and Spring Creek) were rated as severely impaired,

Ahtanum Creek). three sites (Ahtanum Creek, Satus Creek at gage,

Yakima River at Cle Elum is a transitional site ?‘“d Granger Drain) were rated as moderately

L impaired, and only the two reference sites were
that has characteristics of both smaller streams of : : : .
. rated as unimpaired. Impairment was evident when
the Cascades ecoregion and larger streams of the :
Columbia Basin. If the multimetric condition index the NPAI index exceeded 50, but the leve| of
. ' ) : impairment did not appear to be linearly related to
is recalculated by using the reference sites for the

: he level of the NPAI index.
Cascades and Eastern Cascades site group, then the

condition index at Yakima River at Cle Elum The majority of the large-river sites were rated
decreases from 7.8 (YR fig. 32) to 5.0 as unimpaired relative to the two reference sites, but
(YRCE! in fig. 32), which changes the condition  the two sites farthest downstream (Yakima River at
rating from unimpaired to moderately impaired.  Toppenish and Yakima River at Kiona) were rated
Yakima River at Cle Elum can be considered to beas severely impaired. Large-river sites were charac-
both a moderately impaired site in the Cascades terized by very low abundances of intolerant taxa.
ecoregion group and an unimpaired site in the largeAs with the Columbia Basin site group, impair-
river site group. ment was evident when the NPAI index reached

Three sites in the large-river site group
(Yakima River at Cle Elum, Yakima River at
Umtanum, and Naches River at North Yakima
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Figure 33 . Relation between the multimetric algal-community condition index and the nonpesticide agricultural
intensity (NPAI) index, Yakima River Basin, Washington, 1990. (Reference sites are shown in bold type. See
table 30 for identification of ecological site abbreviations. YRCE! represents the values if YRCE is included in the
Cascades and Eastern Cascades site group, whereas YRCE? represents the values if YRCE is included in the
large river site group.)

about 50. The level of impairment was higher, how-1995). Algal communities at these three sites dif-
ever, at lower levels of the index than was evidentfered from other streams in the region by having a
in the Columbia Basin site group. larger proportion of cosmopolitan or tolerant algae
and a smaller proportion of intolerant algae. The
Three sites in the Cascades and Eastern Cas-seyere impairment at Yakima River at Cle Elum
cades site group were rated as moderately impaireéhay have been related to channel instability that
and seven were rated as unimpaired. The degree Accurred as a result of the construction of Interstate
impairment in this site group did not appear to be Highway 90. This site, however, was rated as
related to agricultural intensity (NPAI index), severely impaired (YRCHn fig. 33) only if it was
which was low throughout the Cascades and Eastcompared to the small streams of the Cascades and
ern Cascades site group (fig. 33). The moderate Eastern Cascades ecoregions. It was rated as unim-
level of impairment at North Fork Little Naches  paired (YRCE in fig. 33) when compared to other
River (NFLNAC), American River at Hells Cross- large-river sites. Because Yakima River at Cle
ing (ARHC), and South Fork Ahtanum Creek Elum is so much larger (drainage area 496 square
(SFAHTAN) probably corresponded to land distur- miles and channel width 134 ft) than other sites in
bance associated with silvicultural practices, road the Cascades and Eastern Cascades ecoregions
construction activities, or grazing (Stuart McKen- (drainage areas less than 150 square miles and
Zie, U.S. Geological Survey, written commun.,  channel widths less than 50 ft), itis probably best to

109



compare this site to other large-river sites and rate itevels of impairment when physical and chemical
as unimpaired. condition indices indicated no impairment. The

The conditions of algal communities were ~ Metals index was the only physical and chemical
very good in most streams in the Cascades and index that indicated any impactin the Cqscades and
Eastern Cascades ecoregions, as indicated by ~ Eastern Cascades site group, but impairment asso-
low agricultural intensity (NPAI values generally ~ ciated with metals did not relate to biological
less than 10), low nutrient concentrations, and a IMmpairment. These communities may have been
dominance of intolerant algal taxa. Communities €Sponding to the effects of logging; however,
were impaired in most streams and agricultural ~ intensity of logging was not directly quantified by
drains in the Columbia Basin ecoregion, as well the physical and chemical variables measured in
as in the Yakima River downstream from the influ- this study, so community impairment could not be
ence of these agricultural streams, as indicated bydirectly tied to logging. In contrast, the fish commu-
moderate to high agricultural intensity (NPAI val- nities were not adversely affected. This suggests
ues greater than 50), relatively large nutrient that fish communities are not as sensitive an indica-
concentrations, and an abundance of tolerant taxaor of effects in the Cascades and Eastern Cascades
The water quality of large-river sites in the Kittitas site group as are the invertebrates and algae. This

and Mid Valleys (Yakima River at Cle Elum, may indicate that nonagricultural impacts differen-
Yakima River at Umtanum, and Naches River at tially affect fish, invertebrates, and algae, or that
North Yakima), as well as in certain tributary differences in the life spans of fish (years), inverte-

streams (for example, Umtanum Creek and Satusbrates (months), and algae (weeks) may influence
Creek below Dry Creek), was relatively good. The how each community responds. Regardless of the
lower Yakima River (Yakima River at Toppenish cause, the invertebrate and algal community condi-

and Kiona) showed severe impairment. tion indices suggest that conditions at some sites
may have declined relative to those at other sites in
Integrated Assessment of Site Conditions in the the Cascades and Eastern Cascades site group.

Yakima River Basin o . L
Sites in the Columbia Basin site group were all

Indices are useful tools for summarizing physi- moderately or severely impaired with the exception
cal, chemical, and biological data and for relating of the two reference sites (Umtanum Creek and
these data to sites that are known to have good Satus Creek below Dry Creek), which showed no
water quality (reference sites). Biological condi- physical, chemical, or biological impairment. Three
tions ranged from unimpaired to severely impaired sites were heavily affected by agricultural practices
within the basin and the level of impairment varied (Granger Drain, Moxee Drain, and Spring Creek)
with the type of community considered (figs. 31- and were listed as severely impaired by most of the
33). The source of human engendered impairmenphysical, chemical, and biological condition indi-
was primarily agricultural practices (NPAI and pes-ces. Ahtanum Creek, Cherry Creek, Satus Creek at
ticide indices), which affected sites in the Columbia gage, and Wide Hollow Creek had similar levels
Basin ecoregion. (moderate) of physical and chemical impairment,

Biological indices proved to be more sensitive but Ahtanum Creek had less biological impairment
indicators of site conditions than did physical and than did the other three sites. Despite the similarity
chemical measures, because the biological indiced? impairment levels, Cherry Creek, Satus Creek at
integrated effects arising from a broad range of ~9age, and Wide Hollow Creek all had levels of pes-
factors, both measured and unmeasured (fig. 34). ticides that were much higher than at Ahtanum
This was particularly evident in the Cascades Creek, although the levels of agricultural intensity
and Eastern Cascades site group where water- (NPAlindex) were similar. Therefore, itis probable
quality conditions were generally good (the Cas- that community conditions in Ahtanum Creek
cades and Eastern Cascades site group had the feaould rapidly degrade if agricultural intensity or
est impaired sites). Invertebrate and algal commu-pesticide contamination were to increase even by
nities identified some sites as having moderate  relatively modest amounts.
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Figure 34 . Ecoregions, environmental characteristics, and water-quality indices, Yakima River Basin, Washington,
1990. (NPAI, nonpesticide agricultural intensity. See table 30 for identification of ecological site abbreviations.)
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Agriculture was the primary factor causing the ated with a substantial impairment of the fish com-
impairment of biological communities in the Colum- munity and cause a risk to humans consuming these
bia Basin site group. The primary physical and fish (Rinella and others, 1993). Lower trophic levels,
chemical indicators of agricultural effects were invertebrates and algae, are not as sensitive an indi-
nutrients, pesticides, dissolved solids, and substrateator of pesticide problems in large rivers as fish.
embeddedness, which all tended to increase with Monitoring the status of fish communities in the
agricultural intensity. The biological effects of agri- main stem Yakima River provides managers with an
cultural practices were manifested by a decrease ireffective tool for the protection of ecosystem and
the number of species (taxon richness) and abun- human health.
dance of fish and invertebrates, a shift in algal com-
munities to species indicative of eutrophic condi- The condition of invertebrate and algal commu-
tions, and higher abundances. Nutrients affect bio- nities also indicated moderate to severe impairment
logical communities by stimulating the growth of ~ at large-river sites downstream from the city of
eutrophic algae, which can cause shifts in the typesYakima. Factors influencing fish, invertebrate, and
of food available to invertebrate communities and algal communities at large-river sites included irri-
the fish that feed on them. Pesticides, particularly gation and hydropower diversions, municipal waste-
insecticides, have toxicological effects that can water discharges, and irrigation return flows.
directly reduce taxa richness and total abundance olfakima River at Cle Elum is a large-river site
the invertebrate community and, therefore, changelocated in the Cascades ecoregion. It is the only
both the algal (diminished grazing pressure) and fisharge-river site that showed no biological impair-
communities (reduction in food). Increased substratement when compared to other large-river sites, but it
embeddedness restricts the interrock habitats usedshowed moderate to severe impairment when com-
by many benthic invertebrates, thus forcing them pared to smaller streams in the Cascades ecoregion.
into less desirable habitats and making them more Therefore, Yakima River at Cle Elum was impaired
vulnerable to predation. Collectively, these effects relative to other sites in the Cascades ecoregion and
constitute major shifts in the food base for inverte- unimpaired relative to other large-river sites.
brates and fish, which results in lowered production

of sport fishes and increased production of less eco- Metals enrichmentwas not a significant factor in
nomically valuable species of fish. determining community conditions, but indices of

_ _ agricultural intensity and pesticide contamination
_ Large-river sites located downstream from the \yere significantly related to indices of community
city of Yakima had moderate to severe levels of  qngition. This supports the conclusion that metals

impairment (fig. 34). Severe impairment of fish  gprichment was only a locally important factor, par-
communities at these sites was associated with hlgrﬁculaﬂy in the Kittitas Valley, but agricultural

levels of pesticid_es in fi;h tissues and the presence Offrects (pesticides and nutrients) were the dominant
external anomalies on fish. External anomalies wergy a¢er_quality issue throughout the basin. Pesticide
foun_d at only one ot_her site in the Yakima Rlv_e_r and nutrient effects were strongly correlated with
.BaS'”’ Granger D“”?‘“’ where the level of IC)eandesone another and with some physical measurements
n f'sh tissue was h'|gh and therg was substantial (water temperature), which suggests a link between
impairment of the fish community. the effects of pesticides, fertilizers, and habitat in the
Pesticides that entered the main stem from tribuYakima River Basin that is important to consider
taries where agricultural effects were very large  when devising management strategies for monitor-
(Moxee Drain, Granger Drain, and Spring Creek) ingand manipulating water quality. For example, the
were rapidly diluted, which would suggest that strong correlation between the NPAI index and indi-
large-river sites should have fewer problems relatedcators of invertebrate and algal community condition
to pesticides. The fish community condition index suggests that nutrient surveys could be a cost effec-
and the index of pesticides in fish tissues suggest, tive means of monitoring agricultural effects on
however, that pesticides are readily accumulated innvertebrates and algae. Effects on fish communities,
these systems and that even low levels of pesticidetiowever, might be better monitored by measuring
in filtered water and suspended sediment are assogiesticides in fish tissues, because the fish commu-
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nity condition index is more closely related to pes-the relation between water quality and land use,
ticides in fish tissues than to the NPAI index. then it is critically important to determine the
responses of invertebrate and algal communities at

hvsical and chemical indicat st gt low levels of agricultural intensity, because com-
physical and chemical indicators ot site conditions munity responses can be very rapid and can occur at
only partially described the relation between envi-

. . - . . relatively low land use intensities. Monitoring pro-
ronmental and biological conditions. Direct exami- - . .
: L grams that focus on finding high concentrations of
nation of the response of fish, invertebrates, and : . . .
agricultural chemicals (that is, occurrence studies)

algae to agricultural intensity (NPAI index) sug- .
gests some unanticipated responses that have probably will not adequately represent the response
of biota to agriculture. This can lead to erroneous

important implications for the management of bio- _ ) _
logical water quality in the Columbia Basin. Fish conclusions regarding the effects of agriculture on

showed an almost linear decline in community con-uman and environmental health. The manner in
dition (conditions decline as the value of the fish Which the biota respond to changes in land use is
community condition index increases) as the levelcritically important to the development and imple-
of agricultural intensity (NPAI index) increased ~ mentation of cost effective mitigation procedures.
(fig. 35). This implies that any increase or decreaself the communities show a threshold response, then
in agricultural intensity will be accompanied by a the apparentsuccess (thatis, effectiveness and cost)
corresponding increase or decrease in the index of a mitigation procedure will greatly depend upon
value representing the condition of the fish commu-where the site lies along the land use distribution
nity, and the response of the fish community could relative to the impairment threshold. If the site lies
be determined anywhere along the gradient that close to the impairment threshold, then mitigation is
represents agricultural intensity (NPAI index). The |ikely to show large effects and to be judged as suc-
data for benthic invertebrates and algae, though cessful. If it lies farther away, then the same mitiga-
Iimited, suggest that these two c_ommuni'Fies dq NOttion techniques will probably produce little

display a linear response to agricultural intensity jnnrovement and will be judged as unsuccessful.
(fig. 35). Insteg(_j, the condition of |n\./ert9br""'[e and Therefore, it is critically important to determine
algal communities appears to deteriorate Very rapy,pather the community responds to the type of land
idly once a relatively low threshold (NPAI index use and, if it does, the form of that response must be

between 20 and 60) of agricultural intensity is . .
. ; . known before cost effective restoration can be
reached (conditions decline as the invertebrate and

algal community condition index decreases). This achieved.

rapid decline develops a community that shows lit-  The response of the invertebrate and algal com-
tIe_response to increases in agricultural |r?t_ens_|ty. munities of the Columbia Basin site group to agri-
T]E]]'S pattern of response sugﬁis_tshthat_ml}ugatllon culture has far reaching implications for managing
_etorts.tcondtkj)ctsld at'ﬁltei wit ! Igh agricu tL:craI‘ water quality in the Yakima River Basin. Therefore,
Intensity probably will not produce meaningiul 0 o implementation of biological programs in
improvement. In contrast, relatively modest mitiga- . . . .

; : . the Yakima River Basin should be designed to bet-
tion efforts at sites where the level of agricultural ter define the existence and form of these responses
intensity is near to the impairment threshold will Such a desi Id includ i P i '
probably produce large improvements in commu- uc ) a esign would include saan mg more Sites,
nity conditions at relatively modest costs. obtaining a better, more comprehensive representa-

tion of the agricultural gradient, and including sites
These data also suggest that, if the objective ofwith similar levels of agricultural intensity (redun-
an integrated monitoring program is to understanddant sampling).

Basinwide correlations between biotic and
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INVERTEBRATE COMMUNITY CONDITION INDEX FISH COMMUNITY CONDITION INDEX

ALGAL COMMUNITY CONDITION INDEX

Figure 35 . Response of fish, invertebrate, and algal community condition indices to agricultural intensity
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